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PREFACE 


This book has been prepared as an answer to the numerous inquiries 
from those engaged in breeding and caring for animals used in re- 
search. 

The information contained in this book is based upon the practical 
experiences of the experts selected to write about a particular species. 
I am deeply appreciative of the contributors’ cooperation, interest, 
and willingness to make available the excellent chapters. 

Each chapter includes complete information which enables a re- 
search worker or technician to undertake the task of breeding and 
caring for laboratory animals with assurance of some success. 

The selection of the species to be included in the book was based 
primarily upon the results of a survey of animals used by American 
investigators, as determined by papers presented at annual meetings 
of three representative scientific organizations: The American Asso- 
ciation of Anatomists, The American Society of Zoologists, and The 
Federation of American Societies for Experimental Biology, which 
includes the following groups: 

The American Physiological Society, Inc. 

The American Society of Biological Chemists, Inc, 

The American Society for Pharmacology and Experimental Therapeutics, Inc. 

The American Society for Experimental Pathology 

The American Institute of Nutrition 

The American Association of Immunologists 

The species employed in 1500 investigations in 1947 are listed in 
order of frequency of use, as follows; 


Mammals 


Man 

334 

Rat 

317 

Dog 

258 

Rabbit 

110 

Monse 

108 

Cat 

81 

Guinea pig 

49 


ix 



MamrajU (Cent ) 


Monkey 

Cow 25 

Uamsler ^ 

Sheep ® 

Pig ® 

IIor"c 4 

Oilers 16 

A\es 

Chicken 63 

Other fowl 12 

Amphibiii 59 

Reptiles 2 

Fi h 21 

ln\ ertcbrales 118 

}\ol slated 22 


It IS felt that the present 'election of laborator> animals will sat- 
isfy the immediate needs of the roajont> of worker® Later it is 
hoped that the U't and other information can be extended as required 
While 1 was serving as chairman of a s>mpo'ium on “Animal 
Colony 'Maintenance,” conducted under the au'pices of the Isew ‘YoiW 
Academy of Sciences m 1015, the following thoughts were expre«cd 
“As inie'tigators, we arc more or lc«s con'ciou'l} substituting a 
laboratorj animal for man — m cITorl to sohe problems pre'onted b> 
man Animal experimentation is usually justified on the grounds that 
the results may be earned o\er to man 

“In the pa't, this was done in qualitatne term' merelj Tor ex- 
ample, a given diet proied inadequate for the growth of a mammal, 
and we expected that it would proic inadequate for man, too Todaj , 
anatomical, phjsiologicai, and nutritional re'earch has become quan- 
titatne in character In any such investigations, a relativelj uniform 
animal is desirable A geneticist prefers mutations and variations, 
and rightfully so for his purpo'c Yet it is evident that healthj, clean, 
vigorous stock IS e«ential for accutate vi'eatcU A statidatdued ani- 
mal IS needed, for a standardized animal is to the biologi't what the 
pure chemical is to the chenM«t Ccrtainlj to secure such an animal 
IS next to iinpo«'ible, but, by proper precaution', a nearly standard- 
ized animal or group of animals for re'earch purpo'es should be the 
aim of all laboratone® Invc'tigators should attempt to maintain 
colonies under their own control, so that the experimental animal and 
its breeding records arc known 
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“As biologists, we know that the lower mammals differ from the 
higher in being less able to regulate their physiological processes 
They arc more directly response e to changes in environment Res- 
piration, pulse rate, and temperature changes are examples of this 
lack of regulation It is familiar to us also that appearance of a 
stranger in the colony disturbs animals, as o\idenccd at the dairy or 
chicken farm, where the output of milk or eggs is lowcicd The ani- 
mals, though long domesticated, are readily disturbed 
“Tlie animal is a \cry sensitive bit of apparatus As the late Dr 
Henry Donaldson once described the rat, ‘It has more tricks than a 
string gahanometcr, and must bo treated with care and considera- 
tion’ I recall that, on one occasion, simply moMng rats from one 
building to another prc\ented breeding for sc\cral months 

“The animal should be contented and happy, and while this con- 
dition IS not easy to attain, it is worth striMng for “ 

The following subjects were considered m the symposium men- 
tioned above, and the printed report is iccommendcd for those de- 
sirous of general information on these subjects 

Genetic purity in animal colonics, by Frederick B Hutt, of Cor- 
nell XJnu crsity 

The mating of mammals, by Carl G Hartman, of the University 
of Illinois 

Feeding laboratory animals, by J K Loosli, of Cornell Univer- 
sity 

Infectious diseases of laboratory animals, by Herbeit L Ratcliffe, 
of the Zoological Society of Philadelphia and the Depaitment of 
Pathology of the University of Pennsylvania 

Influence of environmental temperatures on warm-blooded ani- 
mals, by Clarence A Mills, of the Department of Experimental 
Medicine, University of Cincinnati 

Animal colon> maintenance — financing and budgeting, viewpoint 
of the umverbitj , by Sidney Farbcr of the Harvard Medical School 
Animal colony raamtonance — ^financing and budgeting, viewpoint 
of the commercial breeder, b> C N W Cummmg and F G Car- 
nochan, of Carworth Farms, Inc 

I wish to thank Drs Carl Hartman and David Wenneh for sug- 
gestions incorporated m several of the chapters I also wi<5h to ac- 
knowledge ni> ajiprcciation to members of my staff who so graciously 
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aided in this endca\or Mi«s Beatrice Robert* for sccrctanal a*=i«t 
ance, Mrs Claire Schultz and Mr Daaid Diamond for technical ns 
sistance, and Mr Harold Baitz for photographic work 

Edmond J EAunis 

The i«tar Institute of Anatom) and Iholog) 

August 1950 
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1 - THE MONKEY 


G. VAN WAGENEN • 

DepaTtment of Obstetrics and Gynecology 
Yale University School of Medicine 
New Haven, Connecticut 


INTRODUCTION 

On the day a primate animal is introduced into the laboratory, 
changes and new responsibilities come not only to those m the ani- 
mal room The department secretary recognizes the urgency of 
locating the undelivered can of milk The receiving room and the 
distributor hear of it, and the instructor remarks to his wife in the 
evening, “Remember the monkey operated upon Tuesday? She did 
not get her milk this morning, and each time I went into the room 
today she pressed against the front of the cage, watcliing every move 
I made The young animals were whimpering, too ” Thus a minor 
disturbance is re\ealed to the obsciwant person — a far cry from the 
finality of the report, “A mouse dead m cage ten ” The whole new 
attitude can be summed up, perhaps, by saying that it is the impor- 
tance of the individual animal, a pnmate animal whose needs and 
wishes we can better understand, whose actions fascinate and some- 
times revolt, whose intelligence and emotional life demand a more 
special care lest an injury to the psyche reflect on the soma And 
above all, this is an animal of man’s own order, whose anatomical and 
physiological likeness offers a most promising next step for the inter- 
pretation of that mass of information already a'^seinbled by the use, 
through many jears, of countless smaller laboratory animals 

The Animal. The rhesus monkey, Macaca Tnuiatfa,t is the common 
laboratory pnmate Its habitat is southeastern Asia, uhcrc it lives 
at vanous altitudes The presence of this animal in the laboratory, 

* With acknowledgment to the Nutntion Foundation, Inc , which, through the 
interest of Dr C G King made a generous grant in 1944 to Professor Arthur H 
Morse and the witer for the upkeep of the Obstetrics Monko> Colony during 
the war years 

t Sutton, 18S0, neape, 18%, Poeock, 1932, Miller, 1933, Zuckerman and Ful- 

1 
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probably has been detcrmincl by the fact lliat it is easily caught in 
great numbers in natuc Milages near the coastal towns 
From these ports it is shipped to animal dealers m the United Stales 
Smaller monkeys such as mannosets or inonkcvs may he more 
desirable for some research problems because they arc easier to liandlc 
and economical of space food, and care but basic information con 
ceming the rhesus is far greater than for any other monkey One 
reason for this is the well demarcated menstrual cycle of twenty 
eight days so like that m the human which singles it out as an 
admirable subject for «tudies m the physiology of reproduction and 
endocnnologj In laboratories for research m thc'c two actiae fields 
historically important colonies ha\c been set up for long-term study, 
not only of the experimental animal, but al«o of the normal E\ en- 
tuaily, it IS hoped the life cycle will be os well knowai as that of the 
laboratory rodents 

Housing On introducing the monkey into the laboratory it was 
recognized that special and spacious quarters must he arranged The 
longer life span and pnmalc characters demanded an outdoor life as 
well In America in the third decade of tins century, three lahoratonos 
established monkey houses Dr George W Corner s name and work 
are associated with The Monkey Hou«c at the Unucr«ity of Rochester 
School of Medicine and DcntiHry an cntcrpn«c which he inaugurated 
in the Department of Anatomy at the Johns Hopkins Medical School, 
the late Dr Edgar Allen established a monkey colony at the Univer- 
sity of Missouri Medical School in St Louis Dr Carl G Hartman, 
coming to Baltimore from Texas re cstablidicd the Comer colony 
within the Department of Embryology Carnegie Institution of ‘Wa'sh 
ington Baltimore All these monkey houses proaided the outside 
paddock with an mside shelter and their floor plans and detailed 
de^icnptions are presented m the appendix of The anatomy of the 
r/iesus monkey by Carl G Hartman and William L Straus Jr (1933) 
Possession of this book or at least complete perusal is essential for 
arrytjsre plafriTfrrg the csta6fishmcn£ of a monkey cofony, therefore 
the«e quarters superior m many ways but entailing major building 
construction or at least alteration of existing walls will not be de- 
scribed here Rather it is the purpose at this time to describe two 
types of monkey housing made up of stationary or movable units 
which can be assembled for small or large rooms and appropriate for 
installation in any light airy place suitable for such animals 


ton 1934 Special reference dould be made here to Bvbl ooraphia pnmatologir^ 
by T1 eodore C Ruch (1941) almg investigative work on the macaque up to 1939 
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One type of indoor caging as built m the Department of Ph> siology 
at the Yale Uni\cr«!ity School of Medicine (Kennard, Ruch, and Ful- 
ton, 1946) The second type, also built at Yale and located in the 
Department of Obstetiics, consists of a great o\er-all cage uithin 
^^hlch the indiMdual cages move freely on wheels equipped "^ith 
brakes Neither one of the&e setups is unique, but rather they repre- 
sent t\\o types of arrangement, many features of which can be found 
m other laboratories not only in the United States but wherever 
monkeys ha^ e been brought into research units and the available space 
adapted for their comfort In all five of the monkey colonies men 
tioned lierc animals have been bred and they ha\e produced young 
which ha\c matured Tiic colony m the Department of Obstetric* 
at Yale was established in 1931, and fi\e generations now live to- 
gether with the usual frictions and cqjnmunal interests of othei 
primates 

The space nece^«ar> for adequate housing and the design and size 
of the induidual cage c\cn the feeding and liandling of monkeys 
differs with the age of animal pieferied and tlic duration of evpen- 
monts If the more readily aaailablc young monkc>s, two jears 
or under, are to be uecd and the period of obse^^atlon is short (as in 
certain infectious di«oa«c research), considerable crowding with a 
^c^> simple feeding program is pcnni«sible, and belts, collars and 
chains innj be used to facilitate the dailj handling However, if am- 
iTinl« are to remain in the laboiatory for longer periods (as in nutri- 
tional or rcprociuctnc studies) and often under less intcnsnc ob«cr- 
vaUow, greater spaee arid freedorw are weeded for gro%vt\\ awd wonwal 
dcrelopincnt Something more than a sustaining diet should then be 
offered, and the hazard of a chain or non-ngid trapeze must be 
aroided to piotcct the monkcj and sarc the greater in\c*tmcnt of 
time and intcre«t A glance at the older monkcj residents m the 
cla^-sic colour at the Carnegie Laboraton, rcrcnls that the well-fed 
adult rho-'Us is a more imprc'-^iro animal than the familiar *rnall zoo 
or circus monkcr Indeed, the animal dealers used to adrcrtisc a 
S'pccial kind for ‘•ale, the “giant rhc*us,” which i* now recognized as 
the fullr matured indnulual wluch has fortunatcK found adequate 
food and unfortunatcU been captured Thc«c animals arc «trong 
and often aggrc*‘'*i\o and bring a lictttr price hccui«c ther hare to be 
handled ‘•iparUth Sometime** ther turn up at an importer « !ho iu=c 
thc\ hare hccomL trmihic-omc m a zoo nr a*- jrct** rhu^* tlic m\- to 
tifletn-\t ir-old adult annual m full rtprodiicti\( age i“ nt>l known to 
iMrv Inbjiraton lining nionkcrj* “iet, if a i!e]}‘8ustinm7uj monker 
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colony IS contemplated, animals of this weight and strcnslh mu«t he 
proMdcd for as \\ell as thcxr off'pnng Con^cfiucnth , (lc<ipns for 
monkej quarter® fall into three categone® according t« the nature of 
the in\estigations contemplated (1) shorMcnn experiment® (within 
the academic j earl , (2) long term imc«tigalions, and (3) long-term 
ime'itigation® which include breeding, whether a« an integral part of 
the fctuda for replacement of animaU, or as a means of minimizing 
aariabilit> and aaouhng the introduction of di case 


THE SHORT-TCUM I Vl’ERlMENT 

Caging Standard monkcj cages, measuring npproxirnntch 24 hy 
24 bj 32 inches, arc axailablc (sec manufacturers' h-t) to he u®cd as 
single units or double deckers for Ibc laboratora ntcding few mon- 
kejs, and arc al«o u'cful for isolation or ®picial ob craation with 
larger installation® For the monkc> room tlic c same cage® can be 
arranged on supporting angle iron frames «o that a double «cnc® of 
them forms two «idc walls and |>crhap» one end of a common runwax, 
which 13 clo'cd b> wire me«h oxerhead and promlcd with a door of 
the same material at the other end for the u«c of tlic stalT Tlic \ ale 
Department of Physiology cage block (fig<« 1 and 2) i® an example 
of this con«truction Cages (24 by 30 bx 30 inches) do not stand 
directly on the floor, and wire flaps completing the lower side walls 
may be lifted tor sweeping The cage block should bo placed 3 feet 
from the nearest wall for protection of the wall and to allow moxc- 
ment for deamng and scmcing of the water fonts Only six contacts 
wnth the floor are necessary for twclxc cages, and the lowc«t bar of 
the frame is 14 inches from the floor, all of which facilitates the 
sweeping and mopping The indixidual cage and the block described 
here were planned by Dr T C Ruch, and he has abo designed the 
water dex ice which is widely used (Kcnnard, Ruch and Fulton, 1&4G) 
The short legs of each cage rest m an open rectangle formed by the 
angle iron frame of the block, so that it is held firmly and is nexcr 
out of line Shallow trays of stainless steel or Monel metal, 2 inches 
deep, for sawdust, slide into the frame under the wire mesh floor of 
each cage Details of the cage construction are readily seen in figure 2 
The cage is made of a heavy woxen wire me«h, diamond in form In 
the cage illustrated the finer 1 inch diamond mesh at the back roof, 
and sides prexents contact between animals, thus minimizing infec- 
tion (also note distance between cages) The w ater fountain (fig 18) 
is attached to the rear wall to Uep it from obstructing the xnew of an 
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observer in the runPiay, and nith fine mesh at the back the animal 
cannot reach through to the cork or any movable parts The coarse 
2-inch diamond mesh on the floor allons feces and debris to fall into 
the refuse tray The floor is kept fairly clean by the casual move- 
ments of the monkey ualking about the cage The door used for 



Tia 1 View dowTi run^a> of cage block (Department of Phjf!jolog>), consisting 
of tMo blocks of tnchc unit cages each mounted on nnglc-jron frames closed at 
top with wire mc«h nnd furnished with nn cntrincc door (Manufactured and 
inrtjvUed b> tie John P Smith Co Ncu Ha\cn Conn This and all other 
photographs in this chapter Ilouard Re>nolds) 

catching i«? a <!luhng panel, in the lower half of which is a flap door 
NS Inch can M\ing upward The flap door is for feeding Each cage 
IS equipped witli a perch consisting of two gal\anizcd rod** running 
the (kptJj of the ngc Like the floor, the rods do not retain urine 
and fecc*> 

Tor «anilar% con‘*ideration'? ns well reasons of safeta and dura- 
tniita high ini^chanical «t mdanls should bo required for tlic ronctnic- 
liOfi {if inonkcj cage^ li\ u-mg arc welding of fnc«h to cither nngle- 
ittsn or inctnl-rod frames for rmliMdunl walls and doors, cracks and 
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crmces ^^hlch catch dirt or allcra- acrmin to hrccd arc avoided Gal- 
vanuing the vails separately after construction and before bolting 
to the cage frame, or, better still, galvanizing the ^^hole cage after 
assembly, further reduces cre\ices, cut surfaces that ivill rust, and 
unfixed riires that may be worked back and forth by agile fingers. 



Fic 2 Detail of Department of PhjMolosy unit cage before ia«tallatioa of 
waterinB device and perch. 


Metabolism cages can be of the same size, therefore fitting at any 
position in the block frame Tlicy differ from the ordinary' unit cages 
in that the sides and back are of galvanized sheet iron or stainless 
steel slanted inward toward the bottom. The floor is of a fine mesh 
to hold hack feces and food particles, and is separate in order to slide 
out for cleaning Tlie catch tray slopes to a center hole, below and 
around which is welded the perforated metal screw top of a fruit jar 
for collection of unne. 

Figure 3 shows a cage u^ed in nutritional research, equipped with 
food cups which lock into the cage when the door is closed. 


CATCHING 7 

A less expensive cage of similar size is constructed of expanded metal. 
Panels are made of a single piece of 9-gauge steel perforated with 
lV 2 'inch diamond-shaped openings. It is possible to cast the whole 
cage of this metal, which eliminates the many crevices in the fastening 
of the panel sides to the cage frame. Now, although this cage is adver- 
tised to look the same as the wire mesh previously used, the cut edges 
of the steel plate injure the hands of the climbing animal and limit 
the use of tins metal, preferably, 
to the metabolism cage, where 
the monkey remains only a com- 
paratively short time and is not 
expected to climb about. 

Tlic size of the cages described 
is a compromise between that 
best for the animal and that 
which will allow a two-story 
arrangement with the top tier 
not too liigh for catching. Such 
cage units arc suitable for two 
small monkeys, a single adoles- 
cent, or a small adult for experi- 
ments limited in duration. 

Feeding. For the sustaining 
diet one meal a day is custom- 
ary, and a substantial part of 
this meal usually is a commer- 
cial biscuit (Purina Dog Cliow, 

Chim Cracker) which does not 
deteriorate quickly. With a 
supply that will Inst twenty-four liours and water at hand, no animal 
needs to remain liungry. Fruits, vegetables, or greens, according to 
season and economical buying, nith a variation each day, arc gii’cn 
at the same time, and they will be con^sumed first. Needless to say, 
immkeys will adapt readily if offcrcil a pan of water only once n day. 
However, it is preferred that water should l>c available at all times. 

Catching. The central space, onto which all the cages of the block 
face, shoiihl be kept narrow and just long enough to he covered by 
h\ti or three stritle*! of the invotigntor. It must be wide cnougli for 
ca«y removal of the catch tray« and cages and for entrance and use 
of the fcctling and cleaning tnicks. Tf nnimal« are to he oh'eta'cd each 
day. they roon loam a rttulinc. Al ob-ervation time uhen the cage 



Fio 3 Cnpe n«cd in nutrition research 
Jobomtoo' of Hr James II Sliaw, Har- 
vard School of Dental Medicine. Note 
the cups for synthetic food and for 
water %\hich lock into the rape when the 
door IS closed. (This cape was devel- 
oped in the labomtorv of Dr. C A. 

Elvchjcm, University of ^Yiccon^in.) 
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door 15 opened, the monkey 'pnngs out and runs o^e^ the front of the 
cages, jumping across to the other side and pausing for breath non 
and then, eagerly seizing the opportunil> for cxcrci=e Ob-enations 
of motor di=abilit> are made at this time ^^hen the cage door is 
opened again, the animal teams to return and thus spares it«etf the 
struggle of catching If the monkej is needed for closer examination, 
the ob'cner extends his hand and with a fen quick steps about the 
central runnaj keeps the animal m motion until it is exhausted The 
rhesus monkej is easily nmded nhen kept m constant motion As it 
clings to the cage, panting, the ol>«cr\er’s right hand is placed on its 
loiser back and, while prc«'ing the animal against the cage, firet one 
arm and then the other is brought over it-s back, leaving the monkej 
under control in the catcher’s left hand The right hand is free then 
for examining the animal, picking up a s> nnge, or closing the entrance 
door 

Cleaning a«hmg of the cages is of greater importance than ster- 
ilization, although the latter a'«umcs a dilTerent status when infectious 
di«ea«c IS pre«cnt A complctelj satisfactory apparatus would combine 
both procc««e«, but m mo«t laboratories, where a commercial stenhzer 
has been metalled or there is a great metal vat into which live steam 
enters (as has been u«ed many year« for metal mou-e cages), a deep 
sink 13 needed for soaking and scrubbing cage* Even these smaller 
cages are not ca«ilj handled and call for the u'e of dollies or ov erhead 
tracks and pullcjs it lovs^enng into sterilizers is nece««ary Sterilizers 
raeaounng 6 feet long, feet wide, and 5 feet deep accommodate 
two cages, one on top of the other 

Dailj cleaning ol the catch trajs, if «awdust or shavings are u*ed, 
means only the dumping of contents into one garbage can and refilling 
with frc«h material from a second can Both cans are wheeled into 
tlie central passage of the block If ^havungs are not u«ed, the catch 
trajs each in turn arc taken to a sink and washed Sweeping and 
mopping or homing of the floor are al«o daily duties 

lo?;g-term investigations 

Caging It lo inconceiv able that growmg monkej s in the laboratory 
be denied their c«=ential activities of swinging, jumping, and scamper- 
ing al>out This calls for space Large cages hav e been bmit out of 
chicken wire or stronger wire on cement floors of ba«eraents and in 
the comers of laboratone*, where monkevs have had room to move 
freclj andhavelivedinbealthforseveralyears A few monkej s can 
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be cared for in this way, but for the laboratory engaged pnmarily 
in primate research a careful housing plan is essential 
The female of the Macaca mulatta reaches her full growth in the 
fifth year of age, but the male does not reach his full growth until 
the sixth or seventh year By that time the monkeys measure from 
50 to 60 cm in body length Males in full health are \ery active 
physically, and the restriction of cage walls for an aggressive indi\idual 
seems to heighten this activity In providing for the minimum neces- 
sary physical outlet, the adolescent and adult male must have space 
for turning cartwheels This looping, characteristic of the male con- 
fined to a cage, brings into play many unused muscles If sufficient 
room IS not pro\idGd, some males will soon show depre^ision, sitting 
quietly m the part of the cage which affords the best vie^\ For a 
Vrhile this may he interpreted as an adaptation, and the animal may 
be thought to have become more cooperative Too often, however, 
this persistent posture apparently results in a pressure atrophy, bring- 
ing on a lo^er-hmb palsy, the so called “cage paralysis “ This condi- 
tion is seen at one time or another in almost c\cry monkey laboratory 
and generally has another etiology Although the repeatedly pregnant 
female becomes a somewhat sedentary animal, she too should have 
room to climb and v alk 

HaN mg dealt v, ith the point that a larger cage is more desirable than 
the unit cage described in previous paragrapiis for use m the short- 
term experiments, it is necessary to add tliat neitlier is a zoo-size or 
circus-^\ agon-size cage completely desirable or efiicient Only a limited 
number of monkeys can be housed together happily m any one cage 
for any length of time bccau«c the physically or psychologically domi- 
nant animals ill attack each other , nor do the smaller monkey s thru c 
«uch a group Primate animals ha\c a \\ay of annoying cacli other, 
nnd such hclnvior always culminates in figliting with the bo^t avail- 
able weapons — in this enne tctlli and fingernails A cage of its own 
remove the adult bully, Htjmrntt two jealous females, and keep 
nnc affectionate young*<toi from dinging constantly to another So, 
nftcr having been plungfil m(o iimnv divtr'-c «ociaI emergencies, it is 
felt that with the plan of \nritr na freely movable ns hospital 

beds and placed inMdt an ovir-iill mje ns dt-enbed below, a great 
number of adult niutnnlH <nri In it< iiitiiinodhted in a restricted space 
If breeding is Inrorpornti d a** a jiai’t of ibi animal rtjom routine, mon- 
hej g of tin two rexes and of all ap » , n« w< II as animals under chang- 
>ng txpcnmentnl proiidiiri*', <aii la inrvd for xureivsfulJy 
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door IS opened the monUy 'pnnes out and runs over the front of tlic 
cages jumping across to the other Bide md inu-ing for breath nou 
and then eagerly seizing the opportumtj for c\erci«e Observations 
of motor disability arc made at this time hen the cage door is 
opened again the animal learns to return and thus spares il'cU the 
struggle of catching If the monkey is needed for clo'cr examination 
the observer extends his hand and with a few quick steps about the 
central runway keeps the animal m motion until it exhausted The 
rhesus monkey is easily winded when kept in constant motion As it 
clings to the cage panting the ob«cr\crs right hand is placed on its 
lower back and while prc'^mg the animal against the cage first one 
arm and then the other is brought over its hack leaving the monkcj 
under control in the catcher s left hand The right hand is free then 
for examining the animal picking up a syringe or closing the entrance 
door 

Cleaning ashing of the cages is of greater importance than ster- 
ilization although the latter a«umc3 a different status when infectious 
disease is present A completely satisfactory apparatus vv ould combine 
both processes but m most laboratories where a commercial sterilizer 
has been installed or there is a great metal vat into which live steam 
enters (as has been u<ed many years for metal mou«c cages) a deep 
smk IS needed for soaking and scrubbing cages Even these smallcT 
cages arc not ea«ilj handled and cal! for the u'c of dollies or overhead 
tracks and pulleys if lowering into sterilizers is necessary StenUzers 
measuring 6 feet long 3*^4 feet wide, and 5 feet deep accommodate 
two cages one on top of the other 
Daily cleaning of the catch trays if sawdust or shavings are used 
means only the dumping of contents into one garbage can and refilling 
with fresh matenal from a second can Both cans are wheeled into 
the central passage of the block If shavings are not used the catch 
trays each in turn are taken to a sink end washed Sweeping and 
mopping or hosing of the floor are aho daily duties 

LO^G TERM INVESTIGATIONS 
Cagmg It is inconceivable that growing monkeys in the laboratory 
be denied their essential acUvilies of swinging jumping and scamper 
mg about This calls for space Large cages have been built out of 
chicken wire or stronger wire on cement floors of basements and m 
the comers of laboratories where monkeys have had room to move 
freely and have liv ed m health for several years A few monkeys can 
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be cared for in this way. but for the 

in primate research a careful j full growth in the 

The female of the Macaca growth until 

fifth year of age, but the ^oes not reach ^h'^^ f„^ 

the sixth or ^«:^'=’J*YTnnth^ Males in full health are very active 
50 to 60 cm. in body length. Males m „„„re«sive individual 

physically, and the restriction of “Se wa _ s^^^ minimum neccs- 

seems to heighten this activity. P 
sary physical outlet, the adolescent and adult ma e m 

lc7turning cartwheels. This looping, if sufficie 

fined to a cage, brings into play many depression, sitting 

room is not provided, some males will eoon Jmw ^ 

quietly in the part of the cage -l-h affords^« 
while this may be interpreted as Tuu often, however, 

be thought to have become mor P ^ assure atrophy, bring- 
this persistent posture apparentl> ^ paralysis.” This condi- 

ing on a lower-limb palsy, „i,nost every monkey laboratory 

tion is seen at one time or anothc repeatedly pregnant 

and generally has another etiolo^. gPo too should have 

female becomes a somewhat sedentary i 

room to climb nnd walk. desirable than 

Having dealt with the point that a larger e g 

the unit cage described in previous “S J’® , ,oo. 3 i,o „n 

eircus-wagon-size cage complete y 

number of monkeys can be home E ycl.ologically domi- 

for any length of time because '« ^ ^ ^ thrive 

nant animals will have a way of annoying each other, 

m Fuch n group. Primntc ^ . ^ i,esl avnil- 

nnd such behavior always culmmalCv ^ ^ .. 

able weapons-in this case teeth and fingernails ^ ^ ‘ " 

will remove the adult bully, separate two J<=“ 
one nfieetionate youngster from clinging eonstantl> 
altcr liai-ing liccn plunged into many diverse social cnicrgcncic., i 
Wt thM wftllro Plan^of larger cages, as freely movable as has fata 
bells and placed inside an over-all cage as dcsenlicd “ 6'^ 

mmilKT of adult auimals can be accommodated m a restrieled space. 
H breeifing is incorporated as a part of the animal r.Kim mu me, mon- 
key, of tl,e two sexes and of all ages, as well a, annuals under chnug- 
ing exiHirlmental proe«luri-s, can !«• eared lor successfully. 
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The eccond type of indoor caEing to Ik .lc.<-rilird here ra f orac dclnll 
can be adapted to any "laablc room preftraWs mlh a Hiwr 
central draL but rno-t oropliallcallj a luni «urfactd floor ^ 

nitb-tand conHant mopping. The orcr all kreat capo rlioiild bo 
m the center of the room kiMng 1 3 fwt encircling pa^ogewa} 
bct^sccn cage and walk for movement of table* cage nnd trucks, 



Fic 4 TIoot plan rf Vbe OtMHnc MonVo Colon> nl lit ^ale 
School of Medjcme The breed 05 aotmah hvc in the larpe room where maJ^ 
ocCTipy the foxir comer cages (mating cage*) and the female* lixc m pairs 10 
between A indicates a banc cape The dmded cage* in center (C) are tepara* 
tion cages (or pregnant animats and the ta-es o( tl rer sections to tl e nght (C) 
are for >oung animals All capes arc on wltcls and move ca«ily into wad room 
A quartz-mercury sapor lamp is mounted m center of ceiling (This and all 
other drawings in (his chapter by Armin IIcmbeigcT ) 


providing acce®s to windows and giving room for permanent equip- 
ment «uch as weighing scal^ and sink ('ke Bg 4 for a Boor plan ) 
Figures 6 and 6 are views into the over all cage in th(; lar{,e and 
Email Toom.? «howTi m the floor plaiL Tor the great cage a 9 gauge 
chain link wire fencing m a 2 mch mesh which has been hot dip gal 
vanned after weaving wa* used Xipnglits are of hollow galvanized 
metal piping 2% inches id diameter The doors hanging from the 
upngl ts are of the same wire me*h and the frames of a lifter 1% mch 
piping. The doors are 6 feet 6 inchc* high to accommodate the long 
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- I. ™ s”arr, 

the room and come ^Mthln of the room determines 

the escaped monkey cannot use le accommodate only a 

the s.ze of the outside cage ^luch “ described 

certain number of indiMdual cages of the type 



f 1 room(fic 4) with (enter row of pepin- 
rw 5 View iloM-n oufxic .vi4c ”f lev t-n'l *’ 

ticm cigc-i tlioiMi to led ,n (root of too liirgc windoni Thv 

nliout to drmV C igc on It 1- „,n,l„„, on bolli ixi 0 'Urr» cninc e’en Hint 

room fncTs •■ouUi nnil we‘‘t "» • clifruviU (Nfovahh t irm and o\cr- 

hnln ™n ..ndnir bn. Smith Co Non Union Conn) 

all c*iRe m imif w tured nnd in 

T - 1 o the cnee «‘C<1 for nihill inoiikc>« It funi.shcs a 

Iigiire - ‘■''O - 4 r, incht. hy 3 act and ha= been fonnd 

l.MiiKspnce 1 fcit , „r tor t«o fntmlK tcn.nle- 

ii<!«nnle for the Hrsc-t ii _ - ^ 

3 fia tr" — ™'."™d ^nlie. .heiK cKh 

iMde and » ' ' ‘ ,T,oO m ^iipplutl n.th brake-. The sides nnd top 
;nnd' nt tin . Tc are of l-.neh dinnond noien-nire mt-h. the door 

r nnd HrytTid the t«o dm— ohioh clme iMlh 'inp loel - i‘ 
ti.rn:':':i:hnL the lo».r forplncn. fmd pniv -t in. .he en... o- 
nil -Milo Mind .mil of n tral.-hr .n- iiuU.n.p h-x into t .0 enj,-- 
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Slots are cat parallel to the floor m the noddle of the too side nrdls 

ofthecage to alloa a hard pine boanl to he m-ertcd as shoan After 

assemhlj of frame panels doors and tlve metal parts tor ho ding the 
nheels the nhole cage is hot dip gaharared It ma} be of interest 
that the particular cage shown in figure 7 was redipped after haring 
been m constant u^e for 10 years 



Tiq G memVey room Ifloor plan in fig 41 «bowing some bad fcalnrca 

I.P cages placed d rectly again, t wall are d SicuU to see into and walls become 
•oiled needing frequent wa®! ing Al o tl e expo cd pipe shown at top center 
whicl enters the great cage g \es ref igc to the escaped monke> 

Acce««or> to the cage is the Ruch water de\ice the catch tray under 
the w ide mc«h floor the board u«ed as a bench and the urine pan The 
shallow catch tray is of 22 gauge Monel metal 1 inch deep and prec«ed 
by two radiating creates for the guidance of urine into a 1 inch hole 
cut in the tray immediately abo\e a urine collecting vessel which 
slips into a metal run attached m front to the cage frame For collec- 
tion of unne an 8 inch aluminum pan 4 inches deep with a y, inch 
flange slips easily into place Notice tlie toggle on the righthand side 
of the cage frame to pre^ ent pushing out of the catch tray from w ithin 
For cleaning tl e tray slips out o\er the lower bar of the frame with- 
out disturbing the urine collecting pan The board used as a bench 
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IS held in place by two VS-mch iron pins outside the cage The pins 
may be bent in at right angles to the top iing so that they catch mto 
the mesh of the cage Tins is a precaution necessary only for certain 



Fia 7 The InpictI c'lgc Ti«cd for nduU monhejs, one male or two females and 
on da>s of mating n male and female U^ing the same frame the cage has two 
modification'* For the separation cage it is divided into two parts bj lowering 
a metal partition through a shl m the top panel along runways down the center 
of the side panel'* ns fchown to the left m figure 5 Or, the cage ma> be divided 
bj two removable wire mesh partitions mto three compartments for use by 
>oung animals ns in figure 10 In the latter modification the fmme is turned 
so that the greater *=Urfaco of the side becomes the front which then has three 
doors (Cages made both bv John P Smith Co IVcw Haven Conn, and by 
Norwich ^^lrc Works Inc, Norwich N Y) 

nniiinls Sitting on tlic board, facing the center of tlic room, is the 
favonle position of the monkejs At this height these intcn«ch alert 
animals linvc a hotter mcvv of activities within the room, and they 
can meet visitors on t)ic «nmc eje level The board «ccms to bo more 
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comfortable than the uirc floor not only for their =cn=itne feet and 
hands but aUo for the better protected callo‘-3tic‘« and thc> sleep on 


the board at night n » r 

reeding ' In feeding the monke\ the mam problem is that ol 
furnishing a source of ^ufileient protein to an animal ^\liich refu'cs 
to eat meat Although thev are natural rcgetarnn>s monkejs enjoj 
drinking milk and eating eggs (Heto o\o \egctnnans) Fgg^ nia> 
be ra^ or cooked Thc> like all \cgctablc proteins and cereals Pota- 
toes nee and macaroni ha\c been comement sources of cnrbohjdratc 

and the principal ingredient of the main meal To al! el'c, monke^s 
prefer greens and fruits — bananas arc as ice cream to the human child 
^\ ith the exception of meal and butter the roonkc^ 's ill cat cn crj thing 
the human being does its preferences arc similar, and its enjoyment 
and need for variety as great The food consumption of the adult 
monkey is similar to that of the adult human being and the male 
differential the «amc The appetite of the joung adolescent monkcj 
can compete nith the appetite of a bo> coming into the kitchen from 
the baseball lot It nas surprising in our laboratory to find that the 
plateau in growth which seemed to charaetenze the pubertal male 
was ehrainatcd bj a third meal per diem The infinite ^a^mtlon pos- 


sible when feeding this animal makes conienicnt the planning of a 
weekly menu which will be related of cour«o, to costs and seasonal 
suppl) If monkejs arc to grow dciclop and li\c out their natural 
span of life it is not po««ible to concentrate tlieir feeding into one 
meal a day Two meals a day arc customary The morning meal is 
postponed until the cage trajs ore cleaned But before cleaning the 
trays it is routine in our laboratory to pass quickly around the room 
offenng to each individual monkey a loaf of sugar which has been 
dipped into cod Incr oil or has receued «e\eral drops of concentrated 
Mtamin D Hands reach eagerly for this The breakfast whicli fol- 
lows the cleaning co^s1^t5 of bread and milk with a half orange for 
««.Vi w/OTi’&ej TVixts esscn'iia'i Mtamins not always sulhcient m 
natural foods are supplied 


♦Before setting up a monley r^imca (he consuftation of two references is 
suggested Hartman and Straus (1933) tell something of the food and feeding 
plan in the Carnegie Colony and Ratcliffe (1940) describes a food misture con 
^ning horse meat wl ich has been u-^ed succevfully at the PI iladelphia Zoo 
Tbis semi-dry cake wh ch di<=gui«ea meat so that it is accepted by adult monkejs 
also 13 soft enough to appeal to nurslings The miTture is made daily or c\ery 
second day and is accompanied by fre«h aegetablcs Suggenions are given con 
cermng the schedule and supplementary feeding for pregnant animals 
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The afternoon meal is built around the main carbohydrate, potatoes 
(raw or cooked) arc accompanied by an egg, when rice is cooked, 
beans or peas are added Casein and luer powder are protein sources 
which can be added to nee, but many animals will not eat that meal 
unless they ha\e been introduced to it when hungry youngsters Truit 
or greens and \egctables are added to the main dish Sprouted grams 
are much relished and are superb sources of accessory food factors but 
are time consuming to prepare In short, the food and menu planning 
requirements are much like that for any vegetarian group, but since 
the monkey has not learned to be unwasteful or fastidious and is so 
well equipped with keen ejes and skillful hands to separate the un- 
wanted paits from the whole, he can be offeicd the less choice outer 
lettuce lca^es, shop-returned bread, o\crlarge carrots, and the like, 
which come at lower prices However, washing of \Dgetables, lettuce 
particularly, cannot be neglected, and this is the argument m favor 
of using a standard gram mash A standard masli would be a complete 
food entailing no special preparation or shopping, and would be already 
familiar to the animal raoMng from one laboratory to another, as well 
as eliminating the hazard of contaminated or bad food But if such 
a food IS c\cr achie\cd, it is hoped that the monkey will really relish 
it, because the approach of tlie animars friend bearing food brings 
out all tho«e attractue rcspon«cs of warm acceptance, knowing enjoy- 
ment, and fraternal feeling toward man tlint justify the lower primate’s 
prc«!cncc m the laboratorj 

When natural foods arc to be prepared and some cooking is planned, 
n kttchen mre^ be in the fnboratory A convenient! sink is 

usunllj at hand, and «:ubstantml gas plates can be installed near by 
Tigure 8 shows a simple two-bumcr gas plate with space between for 
shifting pots placed under a chemical hood Note the low lc\cl of the 
burners at a height to minimize the effort of lifting tlic ten-gallon cast 
aluminum cooking pot's And a food track (fig 9) is needed to con\ey 
1110*50 hca\j containers from «ink to 8to\c to animal room, where each 
pan of food is ■^crNcd from the track ns it is pu'-hed from cage to cage 
A refrigerator is nccc-«ar> for milk, and a cool room for ^cgetabIc 
‘'tornge Cost‘> of food**, in this ca«c ndimttcdlj liberal, and equipment 
an<l tunc for preparation nrcu«ualh underestimated 
Catching Tor catching withm the cage the short-handled net (fig 
1911) m tlu right h md of the catcher i*. ui'Crtcd while the door is held 
firmU h\ the loft arm and optn onh far enough to allow frtc mo\e- 
ment Tilt htHij^ niul hag art brought doira oaer the animal’s hcail 
and IkhIv, and it withdrawn the hag is lwj«tetl and lowered to the 
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floor Tlio monkey slls on the floor nlltiin the ImR *" (| j, 

. Wd tromheh.nl titth the let. hand the n.t can Ik - 
right hand gra=pmg flrsl one inonkty arm and then 

'■''Thr™lped”monkej cortnmll more d.fllrnlt to catch 

room or great cage Tao per-ona «,mpped M.lh long handled net. 



fio 8 Low gas bun\en cs 1 gW wstaUtd 


(fig 19&.) n\ay be nceessaty I ui l\\c principle ol Tvinding the monkey 
remains the same There arc fener escaped animals among old rcsi" 
denis 

Cleaning Daily cleaning of the cages consists of washing catch 
trays boards and urine pans The trays and pans fri iti ( no cage at o 
time are washed at the sink The boards arc collcclc 1 from all cages 
leaned against the wall and hosed first ( nc side and then the other 
and lell to dry An alternate «et of dry boards replaces them During 


1 
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the time boards are away the animals will take advantage of the space 
for various activities. Daily cleaning also includes sweeping and 

mopping the floor. . 

The washing of cages mounted on wheels is a simple process. Th y 
are pushed into the nearby washroom two or three at a time, thor- 
oughly wetted down, allowed to soak for thirty minutes, and vigorously 
hosed with steaming water under pressure. All cages are checked off 
once a month, but some cages need washing every two weeks, and m 



Tio 0. The food track used in tlic Obstetric Monkey Colony. Ynic Universiti. 


moist warm weather those of young monkeys require w eeklj u a-h' g 
W ater bottles and fonts are cleaned weekly . 


LOiS^G-TERM IK^^ESTIGATION WITH BREEDING 

^ging. Two inodifications of the basic cage Used for adult 
fire found convenient ^\hcx\ animals of grossly different ages 
^itionb arc to be housed. Dividing Ibc cage into halves make. P - 
fbc i'-olution of the pregnant animal near term, ant t I'l m„ 

^blrd'* makes room for three young animnb instead ^ ^ 

the first modification (fig- 5, cage on left) diM-^ion ^ , 
Ph-litHl by .liding a metal partition down between two 
tl c cape top into metal runways in«idc and bisecting cnc i s , 

‘ f'>r the bcnclic'^ arc placed on both sides of the par i ion - 

k'niillol the partition), and both cntls of the cage arc umi i 

and water fonts. These cages have to stand out from t • , 


TllK mo;?kcy 

t partmoi returns tins cage for the use o( tuo congou, nl nn.mnls 

“‘inthe^condmoiMeahon (CiR 10) the cage frame is used shlnvays. 
Tuo rcmovahlc rMrc-mcsli partitions aivule tiic eagn ">(» H'mc ImB- 



Tio 10 Cage T3«icd ior >o\rog monVeys Here ttie doors ior cnltbing are ou Uie 
side of the original frame There ore no feeding door', and the hrnch pi"H’s 
through the partitions The long narrow sliape of tho indiMtUnl compartment 
IS fortunate, allowing the young animals to 8\^ing from biJd to si«lo. hang from 
the top and further the \ancty of their constant motion 


narrow compartments especially attractive to tlie actjiely climbing 
younger monkeys The partitions should be of iy.-incb mesh, v.\iich 
makes a diamond large enougli for arms to reach through The bench 
passes through the partitions, and each compartment is furnished mtb 
one long door (no {ceding doors ate necessary) 

A definite arrangement of the animals and tlicir cages 5n a breeding 
colony IS armed at m the interest of peace and quiet Very impor- 
tant IS the placing of the males where they cannot see each other to 
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challenge every movement, as in figure 4, the larger room, vhcre males 
occupy the four corner cages The females of breeding age live in pairs 
in the cages betueen, except uhcn near the end of pregnancy or nurs- 
ing an infant, when they then are placed in the separation cages The 
infant animals, uhen removed from the mothers to be fed by formula 
or after \\eaning, should be conveyed beyond the hearing of the colony 
Both infant and mother v ill fret only a day or i\\ o When returned to 
the animal room it is v ell to place the young monkey a bit av ay from 
the mothers Better discipline is exercised if young animals arc placed 
near a male’s cage, but not so near that the less gentle parent can bite 
a baby’s finger when he becomes exasperated 
Catching. When animals ha\e been raised m the laboratory, gloves 
and nets can be discarded — catching becomes a varied procedure 
Young animals spring out into one’s arms, seeking to be petted, and if 
held firmly by one vnst they will walk upright to the examining table 
They should, of course, be kept under control at all times Some ani- 
mals are allowed a svift excursion around the room if they can be 
relied upon to return promptly Older animals stand up on the board, 
turn their backs, and are lifted out Imported monkeys must be caught 
by nets, but finally even they learn after a year or so to head into or 
back into the net — a little patience with them, allowing them to choose 
the manner of catching, is regarding 
Mating The term “mating” is used here m the transitive sense, 
and by it is meant simply the placing of tlie female monkey in the 
cage of the male at the optimal time for fertilization In the monkey 
there is no o^ert befiavioraf manifestation festrus) of the approach 
of o\ illation, the female may accept the male at any time during the 
menstrual cycle and during any season of the year The menstrual 
cycle and the time of ovulation haxc been widely studied in this animal 
(Henpe, 1S96, Corner, 1923a, 1923b, CoIImgs, 1926, Allen, 1926, 1927, 
Hartman, 1930, 1932, Zuckermann, 1930, van Wagenen, 1945a, 1945b, 
Farris, 1946) 

Of primary importance is the day-to-day record of the menstrual 
history of each female “Rounds” should bo made at a gnen time 
c\cr>' week daj for the purpose of observing the perineum of each 
animal (the board on winch she «its may gne the clue), and a record 
of bleeding or not bleeding should be made When this is done by 
the same person at approximate!} the «amc time dnii}, a remarkable 
cooperation on the part of the monkc}s will be noticed If there is a 
gentled monkcj in the group, ‘fhc can bo turned about wnlhout lifting 
from the cage and the record made, then at the next cage the animal 
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can be eneouraged to fnm <ne M<ie ol tbe r^c to the other 1 a 
« impU extending the hand on the out'uU oi the cage nearest the nm 
mal The monkejs «oon leam tlmt the\ are not to he caught or e( 
at this time «o thej remain quiet and ob'craant and before long ino^t 
of them learn to present the de«)r«l ajcn Do not pa«« the males 
b> too quitU> d tlvc\ to take part Pertinent to thi« routine 
a further =iiggc=tion nia\ l>e added that nhen di tingui«hcil guests 
arri\c someone other than the person nho make* thc«c records “liould 
accompan> the gue«ts through the colon} m orrJer to m’^urc the more 
attractue \icv. of each monkca 

ith the menstrual record** at hand a ^\cckl^ schedule can he made 


allocating female** to the male cages on the cle\cnth or luclfth daa 
of their cades Of course the first «la\ of men tniation i« daa one 
of the cjcle A« an admini«lrali\e cxpcditnca monkta« are mated at 
noon each daj and rcmo\c<l at noon the next daj or second da> and 
this al o places the animals to^clhcr at a tunc when there is no immedi- 
ate competition for food ^\hen selected females were u«ed it wn« 
found that one third of the prcgnancic* folloucd a “ingle mating 
(^an^^agcnen 1945a) Hartman (192Sa) ha« described rectal palpa- 
tion of the utera* and ovancs a« an important measure to pAc definite 
information on the phj «iologicol condition of the animal Although 
it requires some “kill to detect oaailation, much i« learned and the 
animal iMth infantile uterus can rcadi!> be eliminated Repeated 
palpation is ncce««ar> liecau'c uterine «itc changes “urpnsjngh To 
circumaent other factors which limit successful impregnation, mul- 
tiparous monkeys arc mated with the fathers of their last bahic* and 
nulhparas with a preferred male or one not openlj antagonistic Un- 
faiorablc times for conception should be a^old(.d, young animals 
should not be mated during pubcrt\ parous animals not before three 
months after a full term pregnancy eicn though menstruation has been 
resumed And too in the “ummer months ltlsbellc^cd this monkcN 
may haie frequent ano\'ulatory c\clcs By mating arbitrarily, a con 
^ement laboratory schedule ha* resulted when females arc allowed to 
re«t o%er the summer months and the matings begun m September 
This arranges the pregnancies m the winter months when they can 
be more carefully followed, and the birth of the infants in the early 
spring with a concentration at that time on their care and feeding 
problems 

Pregnancy Rectal palpation is necessary to determine early preg 
nancy because this monkey almost always menstruates once after con 
ception (implantation bleeding) (Hartman 1930) The bleeding is 
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most often delayed for a fe^ days, that is, the conception cycle is 
longer than the menstrual cycle chaiactenstic at the time for that 
particular monkey, and the implantation bleeding also is longci 
Together, these two signs enable one to diagnose pregnancy around the 
twenty-thiid day, but palpation of the uterus is needed to confirm it 
The Aschheim-Zondck test has not been adapted for use in the monkey 
(Hamlott, 1937) 

Pregnancy m the jlfacaca mulalta has a duration of around si\ 
sexual cycles, about 164 days (Hartman, 1932) Infants lAhich have 
survived ha\e been born as early as the 147th day and as late as 
180 days A good check on i\hcther the pregnancy is piogrcssing 
normally is an \-ray (lateral) about the 70t}i day, alien outlines of 
the skull and the axial skeleton arc Msible Partuntion m this monkey 
has been studied and wcW described (Hartman 1928a, 1928b) The 
pregnant animal should be isolated about the fifth month, or earlier, 
if she has been caged with a younger or more acti\c animal 
The Infant Don’t count your monkeys before they emerge, and 
even then better ^ait to plan for their use until after the neonatal toll 
The chapter that could be written between these two headings, “Preg- 
nancy” and “The Infant,’ would be a long one Just the same ob- 
stetrical complications are found in tlie management of the pregnant 
monkey that aie met m the wards and delnery rooms of a hospital, 
and just as many infants after a few days of independent life come 
to autopsy, many of them presenting no apparent pathology In oui 
colony, full-term infants who lm\e survived weighed from 300 to 670 
grams at birth and measured in body length 17 4 to 22 5 cm 
Statistics deny that more human babies arc born at night, but the 
long laboratory night from 5 pm to 8 a m does sec the birth of more 
monkey babies With good luck the baby is found clinging to the 
ventral surface of the mother, and it may have already been cleaned 
up With hair nicely parted (it grows this way, the mother does not 
really do it) , or on the other hand the mother ma> be looking for the 
placenta, the cord may still be attached, and the soiled baby blinking 
fluid from its eyes while gasping its first breaths through mucus 
Whether or not to take the baby from its mother at this time depends 
upon the competency of the person who catches and on the known 
reactions of the mother It is well to aaoid too great a struggle until 
the process of parturition is completed A «!econd person should be 
rcadj ^Mth a small turki«h towel to lift the clinging baby from the 
mother’s bod\ and to take it immediately out of the animal room 
^t this point all the monkey s present are protesting An infant mon- 
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key ^^lU cling to tlic i\ann human hand md etnigglc \\lien released, 
but turkish tm\eHmg al«o satiefics man\ of the reflexes of the fittlc 
bands and bps expecting to grasp the mother s furr> bo(l\ The un- 
failing u«e of a towel when handling will facilitate eniooth transference 
of infant from mother to basket and during examination or tjing of 
the cord the infant will he quietly when placed on it® back if both 
feet and hands arc buried m the towel 
In order to follow the progress of the infant it is remoxed from the 
mother soon after birth, weighed, and tlioroughU txamincd for defects 
If it remains with the mother it should be weighed inspected, and 
given water every second day (or daily) On day three at the time 
of second weighing it will be below birth weight, but on dav five it 
should show a gam over the previous weight I actation in the colonv 
rhesus is not alw ays satisfactory Just how much the periodic remov al 
of the young or the exciting rather than placid group life in crowded 
quarters, is responsible for failure of lactation cannot be estimated 
Anyway, the isolation of the nur-mg mother to n quiet place i« sug- 
gested but careful chock on the baby s weight is ‘till nccc sary to 
avoid the dehydration and collap c of on ajiparently active and sup- 
posedly nursing infant Even under the be«t of conditions nil rnonkoj s 
do not lactate, and one mu«l watch for the impatient mother, who 
when her milk fails to come or is too little in nmount and the baby 
importunate rejects her infant, for she may inflict irreparable injury 
Kot all mothers wish to care for their babies The occasional mother 
will apparently resent the clinging squalling, miazhng infant and 
roughly cast it off One monkey was seen to take her newborn baby 
by its legs hold it at arm’s length, pull out the umbilical cord, winch 
was still attached to the undelivered placenta and drop the infant 
to the floor A careful watch for the*=c times when the instincts of 
motherhood fail results in the salvage of a satisfactory number of 
the«e infants 

When feeding and nusing gjx lataat awray (cwra vU wvaUvet beewmes. 
necessary if newborn or under two weeks, it is wrapped m a turkish 
towel and placed in a basket (fig 11) with the Iid closed The rough 
towel and the closed basket mimic the texture, warmth, and restriction 
of the mother’s arms The infant will stir and call (=queak) about 
every two hours, and when lifted to the feeding position with hands 
on the edge of the basket its mouth will «eek impetuously m every 
direction for the mother’s nipple The feeding position is most impor- 
tant becau'e unless both feet and hands are firmly engaged m the 
rough surface of the turkish towel, as on the mother’s hairy body, 
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the sucking and swallowing reflexes may become confused. Rhesus 
monkey’s milk has been analyzed (van Wagonen, Himwicb, and Catcli- 
pole, 1941), and a convenient modification of cow’s milk is given on 
page 31 The Biecht feeder designed for use by tlic premature human 
infant holds a suitable amount of milk, is easily sterilized, and is 



Tio. 11, Two-woek-old infant placed in correct position for feeding Hands and 
feet are engaged m the turki^h tonel and to steady himself he grasps the edge 
of the basket At this age, the fiill-tcrm baby is able to keep contact with the 
nipple until satisfied, then slips to the bottom of the basket to sleep. During 
the first neck someone must hold the feeder to the lips beenu^e tlie baby’s Jiead 
turns to one side or the other. It is preferable (not from the baby’s point of 
\icw) to move the feeder rather than to hold the head and accustom the baby 
to the >%armth of the human hand 

furnished with a rubber bulb opposite the nipple end of the bottle, 
^\lJich is under the control of the person feeding, so that milk may be 
expressed to start the sucking and s\vallo^^ing reflexes in the newborn. 
Tlic nipple, of course, is too large to fit the tiny monkey baby mouth, 
but the baby soon learns to purse the Ups around the central perfora- 
tion and suck efficiently. It is necessary for several days, however, for 
the nipple to be held to the baby*s Ups, for the incomplete myelination 
of tlic infant’s nervous system docs not give him control, as yet, of 
directive licad movement; and his head position clmnges first to one 
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<,dc and tVicn the other and «p and donn But hnpp} J 
uhen the feeder can be mounted =o that all the infant nee 
n accd m portion nhere he r,tt= his little stomach until he K 
rounded and then slips into the basket to sleep Monket babies sleep 
on their stomachs luth head to one side Icps prnnkd in all ™ ^ 

,f in a narm room or feet and limbs folded under nlien cool If too 



Fic 12 An ordmar} rabbit eage w funiLlcd with a metal mou'^s box for a bed 
a metal holder for the nur»iDg bottle and a cafetena tra> will newspaper wl ich 
gl ps under tie mesh floor Here Ue monbey lofant liiw from three weeks to 
three montl •> wl tic learning to cat solid foods and to walk and climb It is no 
asc putting the joung ter monkey into a tall cage — for lo goe* stra ght to the 
top and does not know I ow to come down 


warm the infant wiU turn on its back and expose lU \entrsl le«s hairy 
surface 

The infant remains in the ba«kct two weeks until the grasp reflex 
of the hands disappears Then it is mo\cd to a small cage a rabbit 
cage as shown in figure 12 It now can walk It is able to lift its body 
from the floor surface because the adductors of the extremities ha\e 
acquired some tone (Hines 1912) Even before this time the infant 
IS able to climb upward by reaching and graeping (transient reflexes 
aLo seen in the human) , but it is necessary to limit the =izc of the cage 
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to his standing and reaching height, because although he is able at two 
weeks to release the hand grasp he is unable to retract his legs inde- 
pendently or to turn around and progress head downward. When the 
infant is left with its mother, she takes care of this emergency by 
reaching up and removing the baby wdiosc upward progression on the 
cage has been prevented by the top. 

Afthough the infant monkey has passed from a basket to a cage, 
he still needs some protection, particularly when asleep, so body 
temperature must be maintained by some shelter. The ordinary metal 
mouse box (preferably rustless metal because of the urine) has been 
useful for the bed. A towel of the type which he has been using should 
be draped over the side of the box to the floor of the cage so that the 
infant can use it in climbing into the bed (fig. 12). The larger feed- 
ing bottle (the usual 8-oz. bottle) is placed outside the cage, being held 
by a simple metal band with the nipple of the milk bottle puslied 
through the wire wall into the cage, at a height allowing the animal 
to assume the same position while feeding which was customary in the 
basket. His hands then are engaged in the wire mesh as they were 
on the towelling. The bottle should be placed so that the animal can- 
not reach it from the box, in order that the products of urination and 
defecation, which accompany the smooth-muscle stimulation of nurs- 
ing, will not soil the bed. After a few weeks when the baby monkey 
does not actually need the w«armth of the box he will sleep outside, 
always on the towelling. When a few weeks old liis activity obviously 
increases; he will spring up and down in place; he will use his hands 
to pick up a desired morsel of food; and if the box is removed at this 
time, lie can arrange himself comfortably on the towel for sleeping. 
He is now able to take care of himself and needs more space for 
activity. Therefore, at the end of three months, the young monkey 
graduates to the nursery cage, a standard monkey cage which has 
been adapted for the occupancy of three animals, where he remains 
until the end of the flrat year. All monkeys under a year should live 
alone in order to subvert the clinging reaction which is characteristic 
of the young monkey before it is completely rejected by its mother in 
favor of her next baby. This clinging reaction, undoubtedly initiated 

by the grasp reflex in the newborn, is unrelated to it physiologically 

rather it is an expression of infantile emotional dependence. At the 
end of the year young animals can be placed three together in an adult 
enge without much fear of "bugging," for they linve learned to live 
separately. 




Fjo 13 a a >ear an l-fl 1 aU-oI<l monkey at the time of fiM menstruation 
Note the two small swelling* m pubic region the first radication of sex skin 
development B Tic same monkey two tjcles later 

and Icngtlt i seen about the thtrd birtbda> or m the earl> fourth > car 
There IS a great incrca«c m ph>eical acti\itj at this time and also in 
food intake An extra meal at noon has been found to eliminate a 
plateau in the growth curve at first thought to be characteristic of 
adolescence 

Tlic earlj changes m the sex skin of the female rhesus monkej may 
alann the pcp-on who is not expecting the transformation The initial 
changes maj he o% crlookcd as i« the first menstruation of most mon- 
kejp Sex skin dciclopmcnt begins at two points in the \entral «km 
on cither side of the midhne m the pubic region Figure 13A show s 
thc«e gemmate swellings wliicb arc a definite sign that the first «cxual 
cjcle has been entered upon and that the bleeding winch wnll mark its 
end will begin witbm two weeks "Watch carefulK for it, it may be 
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scanty What usually happens is that someone hurries in from the 
animal room to report a groat blister on one of the animals (fig 13B) 
Since the monkey is then brought under inspection, the associated 
bleeding is reported and thi= bleeding may be erroneously regarded 
as the first (Zuckerman a an Wagenen, and Gardner, 1938) Actually, 



Fjq 14 Unu«uil extent of de\ eloping skin in a normal monkey The hair 
1 as been cut to expose the •»km folds Sex si m corrugations under hair arc not 
alwajs "o large or «o oxten®i\e howc\er the examination of most old females 
si ows that the entire skin of back Ins been through this stage of development 


this adolescent animal may be m its third to sixth cycle All skin is 
under the influence o£ c'?trogen, and the edematous thickening is an 
carlj pha'se through vvhicii tlic sex skin passes The thm ventral skin 
and underljing ti^'^ucs take on the tran'^luccnt turgid appearance of 
a blister, but the thicker skin of back and tail althougli throivn into 
ten«!c folds during de^elopmeIlt is not *50 di'^tensiblc or translucent 
From tiic two pubic centers the awclhngs spread during (lie catrogcnic 
pha«c of each succeeding c\cle, ‘^iib^idmg during the premenstrual 
phn«e Spreading fanwi^e, the swellings coalesce oxer the pubis and 
extend hack to the anus m two central ndges winch include the xulval 
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l,n= The nenneum is influenced fird and the swcllmB and folding 
eicntuallj pa=s oier and down the tad aboae, they extend ' 

thigh, don-n the dor-al surface of the leg. and ascending further, 
the> spread o%er the lower back and around tVic 'ides to the 
the grom In some instances the swelling and cornigations co^ cr the 
back corapletelj and pa'S down the dor=al aspect of the arm t^o en 
m a cuff at the wn<=t From the back the% ma> pa«s o^er the top 
of the head to the brow « forming at times a heav> ndge o\ er the e> es 
Awhile the corrugations on the back arc not often so definitelj seen 
as m figure 14 the wn^t and brow swellings are ea<5il> ob=ei^ed All 
sex skin pa^'es through the swollen edematous stage before the nc i 
\ a'cular ingrowth spreadmg from the original tw o pubic center®, gi' ^ 
the brilliant red color recognized as the mature pha®e of the ®ex skin 
Examination of a twehe >ear old animal wnll rao®t likclj re\eal this 
red coloration extending o\er all the areas just de®cnbed although not 
as concentrated in color as the expo«ed mature fiat area o% cr the pubis 
and penneura The inteQsit> of this red color i* a good index to the 
rcproductu e state of the monke> — the «cx <kin of a h> pogonadal mon 
key IS pale 


GEVERAL CO^SIDERATIO^S 
Inbreeding The imrrobabilit> of haMng litter mate controls for 
most monkej s (onl> the marmo el has litters of two and twinning m 
the rhesu® occurs no more often than in the human) emphasizes the 
importance of triung to have a minimum of biological ^ anabihU m a 
monke> colonj "No breed vanetj or strain has yet been de\eloped 
for Vocflca mulotta and since brother «isler matings for sixteen gen 
crations are necesearj to approach homozygosity, this fact is readily 
explained Inbreeding is usually accomph«hed in small mammals by 
a method of ngid selection from a rclatuelj large initial ®tart By 
this means UD!a\orablc combination'^ are eliminated and onU the 
bc«t selected and continued Tlii« proce s of ^election from a large 
colony i« impractical when applied to monkeys However «ome re 
duction of \ anabiht} can be accompli lied by breeding within a colony 
when no new blood i« introduced Although it does not result in rapid 
inbreeding if a limited number of sires la used the heterozv gous x ana 
tion IS reduced approximately according to the formula l/8^ , A being 
the number of males u^ed and the number of females unlimited 
(^^^ght 1931) Hutt (194o) explains that if in a colonj of thirty 
females ten males are used the existing heterozj gositv will be re 
duced about l^o per cent and if in the next generation three males 
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are used, tl)e remaining heterozygosity will be reduced about 4.25 
per cent. The latter sexual ratio is somewhat low for the mating 
schedule of animals with a twenty-eight day sexual cycle if arbitrary 
seasonal mating (e.g., mating all animals in the fall months so that 
young are bom in the spring) is planned, in which case the lowest con- 
venient number of males is five. However, if mating throughout the 
year is permitted, then three of these fearsome creatures to twenty 
females is a sufficient number. 

Dating the birth of monkeys overrides some of the difficulties of 
using commercial animals, since many biological differences are due 
to time or the aging factor. This is best accomplished in a controlled 
colony. 

Constant selection should be maintained in the monkey colony as 
in the barnyard; late breeders, poor breeders, or socially difficult ani- 
mals should be discarded, as well as the runts and sickly animals. 
Discarding usually means the allocation to experimental use. The 
adaptation of the monkey to laboratory life and constant improvement 
in its diet and care by tlie breeder have produced with each generation 
longer and heavier animals at any given age. In the fourth and fifth 
generations of laboratory-bred animals the magnitude of this increment 
is less. 

Hair. Healthy hair is soft and glistening and lies fiat against the 
head and body; one certain sign of a sick monkey is the fluffing up of 
the hair about the animal’s face. The old monkey, too, can be recog- 
nized by the graying and coarser hair on head and face. 

During the spring of the year the monkey sheds its hair and gains 
a new coat, not in the smooth manner of the cat but irregularly. One 
animal may look merely shaggy with old long hair underlain by short 
new hair; another monkey may lose the old coat in alopccia-like 
patches, bare areas of skin appearing usually on upper arm, thigh, and 
lower back; while one or two out of fifty animals may present a naked 
appearance, in which case the red se.x skin can be seen to be widely 
distributed up the back and around the face. Added to this, the skin’s 
blue pigmentation, in irregular splotches, makes the animal a colorful, 
if somewhat startling, sight. The latter two groups of animals arc 
placed out of sight in small zoos. They arc often thought to be sick 
animals, and in one instance, when inquiry was made about an animal 
wliose cage had been tuniccl away from the easy view of visitors, the 
answer was, “Oh, I don’t know what’s the matter with him. He has 
been pulling l\i? J\nir out.” And so the slender, long fingers of the 
UKMikcy ilo Wk in shedding season (early in Florida and late 
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«prmg in Connecticut) plucVing out the hub'c ''O or u fm“" 

handful from its onn pelage or a cage mate e , l„ , ,t. 

The joung monhey bom in the spnng Joes not obMOUSly “ 
hair the folloning "pnng but m the third spnuR at the time of PUbeny 
the hair thins more ctenlj oter the body than m adult life me 
IS shorter in the young monkey , 

Dr Shoune of Coonono uho lias done cilcn i\c nutritional rc«e 
with rhesus monkeys in South India «n>s that hi« monkeys, legm 
nmg at maturity always shed their hair m the spring of the ^car 
This shedding then is not a phenomenon of laboratory life ns uas 
feared at first but apparently it is accentuated in the monkey who has 
lived indoors for a generation or so The relation of humidity an 
temperature to this condition is not known 
Handling All Monkeys Bite i« the legend posted repeatedly nbo\c 
cages in one tourist attraction in Florida And a number of laboratory 
workers bear scars to prove that some monkeys bate bitten The bite 
of the young monkey or adult female is similar to that of the human 
a crushing bite But the fully grown male has great saber like canine 
teeth which can inflict a lacerating wound and realizing his superior 
quickness and great strength he may turn vicious even after vears 
of comparative docility The young ter monkey when this new use 
for his teeth occurs to him or happens rtflexly, can be di«ciphncd by 
a tap on the no«e There is the «amc difference as with children 
between the well controlled group of young monkeys and tho o that 
are allowed to literally get out of hand hen monkeys arc to be 
freed for a tun give them the release gcnerou’sly, but when they ate 
to be caught be determined and well equipped A monkey which 
repeatedly bites and «naps should he eliminated 

A twelve to sixteen kilo male monkey which has escaped from his 
cage into the outer cage or room is aggrc®®ive and dangerous If there 
IS no possibility of his escaping furtlier as through a window one 
should at once retreat and try to plan some way to outwit him An 
open cage containing a banana lure and with a stnng pull on the door 
can be pushed into the room After a while the monkey may enter this 
cage If night comes he is almost sure to return to his owm cage and 
will be found sitting there with the cage door still open m the rooming 
If for some reason it is necessary immediately to catch «uch an animal 
free in a paddock or escaped into a room two men wearing heavy 
gauntlet gloves and equipped wnth long and short handled nets for 
action at any range can make short work of the job by keeping the 
monkey in motion until winded 
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Far more frequently, however, do monkeys bite each other If fights 
between cage mates are noticed, it is obvious the animals should be 
examined for open wounds, the wounds cleaned and treated, and the 
animals separated Never cage adult males together, for there could 

be a ficht to the death , ,, , e .i i. 

Infant Feeding. Monkey’s milk tends toward that of the human 
in composition and differs from cow’s milk in having a lower percen- 
tage of protein and ash and a higher percentage of milk sugar A 
modification of cow’s milk for infant monkey (ill midatta) feeding 


follows 

4 ounces of cow’s milk. 

2 ounces of witer 

41 grams of sucrose (1 le\el teaspoon) 

Bottle and sterilize The same care and technique for sterilization of 
nipples and bottles customary (or human infant feeding arc necessary 
to avoid thrush, diarrhea, and other infant infections 

The infant weight should be followed every day, and the amount 
of milk given recorded Figure 15 shows a convenient chart to be 
constructed on any calibrated paper The quantity of milk given at 
each feeding and the weight response are shown for an infant which 
did very well with artificial feeding There is, of course, an initial 
weight loss in the nursed infant, while there is no loss here 
Tuberculosis. Many monkeys arriving in shipments from India are 
suffering from tuberculosis and, because of the exigencies of the trip, 
may be in an actively infectious state Until recently the disease has 
been uniformly present m all primate colonics (Scluoeder, 1938a, 
193Sb) but, with precaution, it can be eliminated as it has in several 
laboiatories and zoos If any monkey coughs, loses weight without 
apparent cause, or becomes apathetic, or if the hair about its face 
becomes rumpled, it should be isolated, and above all no recently 
purchased monkey should be added to the animal room until after an 
isolation and observation penod 


The tuberculin test (Schroeder, 1938b, Kcnmrd, Schroeder, Trask, and Paul, 
1939) consists in the subcutaneous injection of old tvberculm into the loose tis- 
sue of the evchd, where the erythema and edema of a positive reaction may 
readilj be =een The old tuberculin is diluted 100 fold in sterile physiological 
saline, and 0 1 cc is used as the inoculum, which thus contained 1 0 mgm of 
old tuberculin Po-itive reactions (fig 1GB) con-ist in local redness and 
swelling The-c vary m degree, m severe reaction the ojclids might become 
closed and necrosis and ulceration of the skin might appear, as the reaction 
subsides Usuallj the reaction is visible in 24 hours, increases for 2 or 3 days, 
and then subsides graduallv Occasionallv positive reactions are not nppar- 



Mother number 



TUBERCULOSIS 


33 



TUF monm ' 

Crt „mil the th,rJ ot torth to If no r™t.o» .e two bt the (o.irti, .la>, 

the tc t IS con'idcrcd negative 

Th.s tPt 13 u.ed as a prcl.immrj ticcd.ng-otlt measure of nett arnt nb 
but IS not accepted as final ha the Philadtlphin 7oo ithcrc it is ell - 
tomarj to -tuda each indiaidual monkej ha taking the 
carry 4 hours oacr a period of scacral days In some lahoralorics the 
old tulicrculin tc't is repeated at mien ah 


Fifl 16 Te«t for actno hibcrculo i« A AOuH female control pirlure Novem 
tep 18 The animal was injected eubcutoneou b in nd I uprer cjclid 'So\cmlx;r 
20 with old tuhercuhn B Same animal November 23 with ito*itive reaction 

Cage Paraljsis The fir»t evidence of this di^ihling condition can be 
<een when a monkey begins to favor one foot He fetepv on it re 
luctantly and finally not at all The same proce'ts tnaj begin in the 
other hind limb and contractures mil follon In tvso lahoratoric-' 
it IS believed that early treatment with \ itamin Bt or dried j ea«t in 
generous quantity will stay this degenerative process wluch is likclj 
to appear in recently imported animals, m rapidlj growing animal®, 
and in large animals too restricted in space for exercise 
Treatment The modem antibiotic and chemotherapeutic agent® 
can be u«ed on the game indications as m the human The old fav onto 
gentian violet has not been given up for surface wounds and mouth 
lesions because it can be painted on quickl>, reveals clearly which 
parts have been covered and has the added advantage of showing up 
the next day to remind one to follow up the treatment 

A reference (Kennard Ruch, and Fulton, 1946) i® suggested for a 
discussion of surgical technique for the monkej , but tw o practical 
points could be stressed here First, the skin should be closed by sub 
cutaneous sutures since exposed stitches arc often picked out, second, 
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a carr} mg table is suggested for transport of the anesthetized animal 
from cage to operating tabic because hca\’>'’ animals have been known 
to expire when earned c\cr so caicfully in the arms 
In caring for the sick monkc), an important point to keep in mind 
is the incrca’^cd ratio of surface to body mn‘«s in this smaller animal 
Injection of fluids parcntcrally often is followed by a striking response 
A tray in the laboratory should be set up for intiaxcnous, intrapon- 
toncal, and subcutaneous infusion of both saline and glucose An 
infant which persistently rcfu'^cs food may accept it after a cljsis 
Loaf sugar and the common square after-dinner mint are excellent 
carriers for iitamins or medicine to be orally administered 


Il^IPORTATION OF MONKEYS 

There is a seasonal importation of rhesus concsponding nicely with 
the academic year, opening htc m October and closing the end of May 
During one season (1948-1949) the foremost dealer reports handling 
12,500 rhesus monkeys In April and May pregnant animals and 
mothers with babies arc most frequently seen in the sliipments 
^lost imported monkeys are from I to 3 years old, W'eighmg 1500 
to 4000 grams Males and females arc represented, the adolescent 
and adult females may be recognized by tlie swollen or red sex skm 
m the pubic region Adult males arc infrequent 
1950 (May) prices were as follows rhesus monkeys (up to 8 lb ) 
$25 00 each, 8 to 10 lb $30 00 each, over 10 lb $40 00 
Recently a hundred monkeys were brought by air from India in 
5 days, and it is possible that tins will be the preferred method of 
importation 
Impoiters of Monkeys 

Trefilich’s Bird A. Animal Company, Inc 
22S Fulton Street 
New York 7 N Y 

Meems Brothers i. Ward 
P 0 Bo\ B 
Oceanside N Y 

Louis Ruhe Inc 
853 Broad^^a^ 

New ork 3 NY 

Chase Wild Animal Farm 
I aw«on Road 
Egjpt, Mass 



THE MONKEY 


ilbur Ellis Companj 
331 Calilomia Street 
San Franci'co 4 Calif 
Southern California Bird A Pet Excl ange 
P 0 Box 7 
Bell Cahf 

Warren Buck 
420 Garden \\eniie 
Camden N J 

Shipping For shipping monkc>s, any noil imdc nooden box of 
appropriate Else can be modified Animals betneen 1500 and 4000 


Open spaces (Ik*) 
for insertion of food 



Fio 17 Shipping box Any apprepnate strong wooden box may be adapte*^ 
m the abose manner \oung monkeys can be shipped two or three in a com 
partment, and adults should be separated See text for description of box 
construction 


grams may he shipped m pairs, unless knorni to be antagonistic 
Young animals cling together causing eye lesions, and the old animals 
resent shanng small spaces and food Before inserting iioodcn parti- 
tions tor separation several holes should ho bored at eve level so that 
the monkQ. can see each other One modification of such a box n. 
Ehovm in figure 17 The upper third at one side is cov ered n ilh y.-m* 
nire mrt, the edges ol which are secured by the top and sides of the 

be filled from the outside throng, the wire The center top board « 
m sections, the removal of one section allowing release of only one 
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animal. These sections overlap side sections and are 1% inches short 
toward the center of the box to allow for insertion of food. Metal 
handles or strips of wood should be placed on both ends for ease of 
handling. If the journey is under 36 hourS; cups can be eliminated 
and food (apples, uncooked potatoes, carrots, bananas, etc.) placed 
within the box. For longer journeys food must accompany the animals, 
the food parcel being nailed or fastened to the box. “Please water” 
should be painted in black on the box outside each cup. Monkeys 
have been shipped all over the United States and to Europe, both by 
train and by air; but in the latter case food for 2 extra days should 
be included even on short flights. 

To release the monkey from the box remove one section of the top 
board and bring the opening to the cage door. A wire probe passed 
through the mesh of the box induces the monkey to transfer quickly. 

EQUIPMENT AND SUPPLIES 

Caging, Manufacturers who offer standard monkey cages or who 
are prepared to design and manufacture equipment to fulfill individual 
specifications are: 

George H. Wahmann Mamifacturing Company 
1123 E. Baltimore Street 
Baltimore 2, Md. 

Norwich Wire Works, Inc. 

Nonvich, N. Y. 

A. S. Aloe Company 
1831 Olive Street 
St. Louis 3, Mo. 

Bussey Pen Products Company 
5161 W. 65th Street 
Chicago, 111. 

Feeding Pans. For cages, these pans may be free or fixed, and for 
paddocks Hartman has used an 8-pound iron dish which is so heavy 
that the ordinarj' monkey docs not lift it, and which can be liosod out 
during the daily cleaning. Free pans for cages arc usually of alumi- 
num, deep cake size, and should be shaped to stack; round pans arc 
less liable to be twisted than square ones. Cast aluminum, although 
more expensive, resists denting and cracking. The work of collecting 
these pans after the animals have lost interest in the food and before 
they become interested in who can make the greatest noise is preferred 
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Tio 18 'Water founUm ‘ The chief details of construction arc nppar^t'^ fo™ 
the diagram The apparatus is made cnlitcl> of black metal plumber a iittio 
and gahaniied after assembly to present raoting The actual drinking o'*? 

18 a 2x1 inch reducing couple from which both threads ha\c been Htl » 

into which IS brazed a y inch 45 degree elbow (b), a ^Ax3 inch nipplt^ 
lasses through the wire of the cage and is connected bj a 45 degree ^ 

(d) to a y xS'i inch nipple (c) which receises tl o doliicry tube (/) ^ 

water bottle Brass tubing fli* inches in diameter if beieled at the end «cne 
for the deliiery tube a emaller size docs not allow the water to flow freeb 
The third opening of the "k branch (d) senes as a dram so that the dcMce 
can be drained cleaned and refilled without opening tl e cage The u«c of ■! 
rather than 90 degree fillmgs and the large internal diameter at the criticn 
bend (b) makes it ea«y to pass a test tube brush into the cup to clean it or to 
free it from obstruction by debns The device is fixed to the cages with rrire 
mc«h walls hy bolting the nm of the cup to two heai-> gaUanized iron 
either side of the ine«h To the«e plates are abo bolted the metal straps 
and (t) that support the water botUe’ (From Kennard Ruch and Fulton 


for u>e m a particular cage (Bg 3) It ,s a 1-poutid butter crock e" 
circled firmly by a metal band so shaped that it can be hung on the 
threshold ot the open door and locked into place when the door is 
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closed. A pair of these contains a daily supply of water and food 
for one animal. There are two drawbacks to the fixed food container. 
The first is the question of how long it will remain fixed if an active 
adult aninaal begins to work with it, as they all do with an object 
which extends into their cage, and the second is that young animals 
arc wont to perch on any object available and soon foul the contents. 
These feeding dishes work very well, however, in the position in which 
they hang as originally used. 



Tig. 10. Cnlclvms A. ncl tor rjvlchmg in Toom, \iea%y cord, 

li.'\nd*knollrd m 1^-inch mchli, 30 inclic« deep, nnd ladied to frame. B. Short- 
Inntflcd net for catchmR nitliin cape, wadicd Inirl.'tp potato bap raiiRUt with a 
simple Ioop-«;titcli to frame. 

Water Supply. Tlio Jluch watering device (Kcnnnrd, Ruch, nnd 
I uUon, 1040) is tljc best to date and is shown in figure 18 with excerpts 
from the original description accompanying it. For some reason the 
fiat gallon wine battle, so convenient for placing ngains>t the side of a 
^age, has dieiippcnrcd from old bottle markets; so, when estimating 
the length of the “c” nnn of the y-branch, it i** ncccssnt^' to know tlic 
'■ire of the bottle N\hirh will be in u«c and likely to he rcplacc.able. 

l^or the \\ell.drnincd floor or paddocks, small ttib« of water can be 
w^'Td, and, for x\arm wcatlicr, the fine spray sucgt‘«led by Hartman falls 
into the injoymcnt (Hartman nnd Ptran«, 1983). 

Catching Nets. A net similar to that in fipire 19.\ can he ordcrtnl 
\\ ^ .\ngur, 3 j Fulton Street, New York 7, N*. V, ’Hie .•'ccond 
cart \ k ' fa"hii-t5e<l l>y someone in the hnlxirnlory. When the iron 
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Ijoop K secured to the top of the handle a washed burlap potato sack 
13 caught uith a nmple loopstitch to the hoop, u«mg a ■wo\en cord 
and sailor s needle 

Scales The ordicarj scale used for Tveighing human babies but 
made for the export trade and therefore calibrated in grams is an in- 
expensive instrument If monkeys are placed m canvas bags (laundry 
t>peandsizc) the scales can be u«cd without alteration If a transfer 
box is u®ed it must be made of light metal and then can replace the 
metal trough designed to receive the baby 
Mercury vapor Lamps A central ceiling lamp is useful in cutting 
down the air borne infections as well as furnishing the antirachitic 
action For preventive therapy a floor lamp used outside the over-all 
cage IS convenient Rickets and tuberculosis are diseases frequently 
found m the rhesus Watch for inflamed ejes to indicate too much 
radiation 

Tattoo Machine Ink (black or red) as well as the machine can be 
purchased from Given Jensen, 120 W 83rd Street, Los Angeles 3, 
Calif 

For short-term experiments the head may be shaved just over the 
eyes and the animal's number placed there, but after a time the hair 
grows in For long term work the upper chest region just below the 
clavicles, where the hair is sparse is preferred The infant is tattooed 
inside the thigh with the hst two digits and when two years old receives 
its full number on the chest 

Electric Clipper A heav'j duty electric clipper for removing hair 
before tattooing the «enal number or in preparation for sterilizing the 
skin before operation can be ordered from John Qster Alanufacturing 
Company, Racine, Wis This clipper works on both alternating and 
direct current Local barber supply houses may carry similar instru- 
ments 

Hair Remover The following is a formula for a powder which can 
be kept in a storage bottle To use, add enough w ater to make a 
moderately thm paste 

Barium eulphide 35 grams 

Flour or cornstarch 3o grams 

Talcum powder 3o grams 

Powileml Caetde eoap 35 gmms 

^\ hen wothKl into tlic hair n ith a narron «pntula nnd allon cd to drj , 
this paste w ill accomplish dcpilation 

Fccdci The Brecht feeder (for infant feeding) can be purchased 
from Bccton, Dickm«on and Company, Rutherford, X J 
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INTRODUCTION 

The alh.no rat (M,.a noraeg.c«a « 
monly used laboratory mammal Albinos g 
handLl, readily trained, and inexpensive to ““"f" ^hey live 
approximately 3 years and begin breeding at "bout 3 month of age 
The htteis are large and can be secured at any season Jha ™t ^ 
highly resistant to the usual infections and is 

for surgical experiments The rat has been used in practically all 

fields of investigation i,„~„,i nn the 

In this chapter, biief practical information is given, J the 

extensive experience of The W.star Institute in ‘''a^aeed^^ng and care 
of alhmo aid other rats for research purposes For mom defiled 
information, the reader is referred to a 

(Farris and Grilfith, 1949) This contains chapters by ‘''™t> -n.nc 
contributors on the breeding of the rat, sanc.al methods of handl n^^^^ 
gro-s anatomy, experimental methods, cm irjo og> , sistcm 

ments, teeth, digestive system, mctabolwii, cen r oirculatorv 

lcchni<uies for inv cstigation of psj chologica p leiioii ’■ ,„,nio„y 
sv stem, use in biologic av-ay of hormones dosage of drugs, '‘'-mat“! » , 
radiology, surgery , histologic methods, i^scous "“l" 

pTraeite^?, iiKtnzoan pira'-itcfc, and «puntnncim« ( i' 
c-u.on mav be referred to when the rat or other vmall mammils an 
Ltnplojcd for c\pcnmental ^^orlv 
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THE EAT AS AN EN.PERTME\TAL ANIMAL 


COLONY BUILDING CAGES, AND EQUIPMENT 

Colonj Building The Wistar Institute constructed, in 1921, a 
colon\ building nhich has pro\en \er> -satisfactorj for raising ra 
{fig 1) The building contains thirteen ncll lighted individual rooms 
a record and a surgery room, nine rooms in which the animals are Lep , 
a kitchen and a cage cleaning room (fig 2) Each room is maintame 



I JO 1 Animal colon> 1 uil Img of The E i«lar Institute An j'^olatcd buildinB 
coi tni ted of I nek concrete etecl and gli''i 


in cold weather at a temperature of about 72®, the range being 05 to 
75® F Booms for newborn ammol^ should be maintained at 78® F , 
with a tclati\c UumuUtj of 00 per cent to pri,\cnt ringtail Excce‘-i\c 
heal in summer is compensated for bj rapid exchange of air in the 
rooms, which aids al o in decreasing odors moi«ture and heat gen- 
traled b\ tlic rats thein«cl\es Air conditioning has soUed the prob 
Icms of tcmi>cralurc humidity, and acntdation in some other colonies 
The entire budding is screened and protected agam«t entrance of a\iUl 
rat« cockroaches and anj other animals which maj carrj infections 
Tl e cleaning room is cqiiippctl with a tank for washing and stenlir 
mg chgt's (cage washing machines and automatic bottle washers ore 
avadallc commcrciidlj ) A large steam stcnhzcr is located m an 
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auxiliary building All materials such as bedding, ^havings, and stored 
cages are sterilized before being taken into the colony 
The kitchen is equipped -iMth a 50 gallon steam cooker, an auxiliary 
steam drying apparatus, a po^er meat grinder, and other kitchen 
equipment 

The colony office serves ns a record room tv here the complete history 
of each rat may be found A small room adjoining the office is used 
for surgery 



Fjo 2 Floor plan of The Wjslar Institute colony building 


Cages The AVistar Institute adopted two forms of cages to satisfy 
its needs, one for the breeding of large numbers of albino rats and 
the other for long term genetic studies 
For long-term experiments, the cage shown in figure 3 is recom- 
mended Cage supports may be placed on ca'^ters. satisfactorily Each 


cage IS 10 inches high, 10 inches deep, and about 57 inches long The 
end of tlio cage is. all Monel metal, 10 inches bj 10 inches, w ith a 1-inch 
^ni turned on all four edges The wooden top, back, and front of the 
•^^ge arc screwed to the metal ends The floor of the cage, wlncli is 
^'0 Lionel metal, is detachable from the upper portion for cleaning 
^ entire cage metal lined when hou'^mg wild graj rats 
he dormer cage illustrated in figure 4 is ino'it «atisfactory for 
seeding and housing not more than ton adult rats The cage is 
‘^en-tructed of oak meh thick, 35 inches long, 12J{ mclics lugli, 17 
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,„ches deep out.ide moa«u 4 Cmonte It .5 dn.dod b> a mukllc partlt.on 
"Ts located an opcn.ng 3 mchoa .n dmmetcr ‘o P™ 
mnmcat.on beUcen the compartment^ The floor o ca P 

meat cons, ts of a mm able gahan.zcd nirt cloth 
square (no 15 u.re \ mch mesh) This floor ,s supported along dm 
front and back bj Monel metal angles Beneath the remoa 



Fig 3 T>pe of cage Ttcommended for Jong term expenraents 


IS a Monel metal tray 15% by 15% bj y_ inches deep, which 'enes 
to catch the dirt falling througli the cage floor This cage maj be 
constructed and u«ed without the middle partition 

The wooden cage has been selected in preference to one of metal 
for the making is «imple and the upkeep lc«s since it does not ru^t 
The cage is odorless contrary to the usual belief, m any well kept 
colony 

Other laboratones ba^e found that all metal cages are «atisfactory 
for rats They are useful for breeding weaning, and housing of expen 
mental rat« and are placed in racks or on mo^ able stands mounted 
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,-»Ti 1 fficr are used, it is customary to 

nrj pn^tors WVlCn SUCll staUUS ioS* _ ,K5nl^ io 

place the 'cages ^^•hich have ^ "’‘d f„ilmg''through 

r“eitr:orct:rm^the'paabci^^^ 

rat cannot reach through the mesh or toueh any of the material 



Fm 4. Dormer type ot cage. 


keted in it. The catch pan is approximately 2 inches ^ 

may he used -nith nesting material as a suitable floor f B 

tiiey are used for breeding purposes. r«ov hp 

By a slight modification of the usual eonstruetion, ^ 

Bubst.tntcd for the cage pans. Bolls of 40-pound ^ P''/" 

or a similar paper are mounted on the end s an , o nntire 

oacl. cage le 4 l. The paper is passed under the tvire floor o' ‘ho cnti e 
row o! cage stands. Cleaning is aceoraphslied by 
soiled paper from beneath the cages at the opposite end of tlie roll 




DXrERIMFNTAI AMM M 


the rat \s an 
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stand. This autoranticnlly pulls in clean ^ with the 

The Wistnr Institute this paper system has proven eihcicnt 

dormer cages, as illustrated in figure 6. individual 

Stands may be eonstructed to be increased 

cages between uprights, and in many cn 
to accommodate six or eight tiers of cages. Cages 

must be protected from drafts. f the dif- 

Cages of various sizes should be provided to ‘^e care 
terent needs of the investigators. For keeping one or two 
^ cage, the type shown in figure 5 is pre 
ierred, the rats being readily visible and 
easily accessible. For breeding and bousing 
individual litters a cage longer and larger is 
advocated (fig. 4). When fully assembled, 
ene portable stand will bold tw'enty-four 
eages in a space approximately 2 by 3 feet. 

metabousm cage, a metabolism cage 
'ised in many laboratories is shown in figure 

7. This ^ 


lUUUl^bUilVS to 

■■ ■‘■lus is designed for collection of urine 
^nd droppings separately. 

CAGES PERMITTING EXERCISE. TllcrC arC 
two types of cages for measuring running 
^ctivity in the rat, as follows: (1) The ver- 



Fiq 7. Metabolism cage. 

•rfl'vo Ui v;agv;o lui • 

scUvity in the rat, as follows: (1) The ver- turntable. An 

hcally revolving drum; (2) the horizontally ™*'**'™® t^d in the 
'vcellcnt and inexpensive turntable (fig. 8) umy movements 

■lufmer cage. This type of exerciser permits ^ ^ Engvall, 
is easier on the feet of tlic rat. The turntab ^ wliicli can 

833) consists of a Monei metal disk, 12 inches in brass hub a 

'cadily be removed from the cage for cleaning, ^o Conn., 

'"re runs directly to a cyclometer (Veeder-Roo j revolutions 

'Olarj- ratchet counter no. 6) which registers the numb 
caused by the rats’ running. revolving drum for 

Revolving Drum. A satisfactory cage with * of the rat 

uaasuring quantitatively the variations in running essential 

’ dion-n in figure 9. Tliis cage permits j. ti,c small 

/''U health of the rat. It permits the revolutions 

auudon and exercise on the drum. T ic " totaled on an 

dn,m produced by the running of the animal is totalc 

counter, ns illustrated. rt.nnden nesting 

, ‘"''ar exoroisiag drums of la.ger diameter have nooden 

’^^1 as illustrated in figure 10. 
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It has been observed that rats run farther m large wheels; therefore, 
in comparing results, it is important that exercisers of the same size 
be used for all animals in an experiment 
Tables. Every large colony should be supplied with three substan- 
tial tables One should hold the scales for weighing rats. If the ani- 
mals are very tame, it is feasible to use an automatic scale. (The 
Toledo scale with platter scoop or pan is recommended.) If the rats 
arc not docile, it is moie expe- 
dient to place an individual in a 
small wire-racsh cage and to use 
a counterpoise weight equal to 
the weight of the mesh cage An 
accurate weighing of the rat can 
then be obtained by using any 
form of scales having a capacity 
of at least 1000 grams. When 
cages arc equipped with movable 
stands, they may be brought to 
the scales and the rats weighed 
If the colony contains only large 
cages, arranged in tiers and liais- 
ing stationary supports (fig 3), 
the table containing the scales 
should bo mounted on casters 
A second movable tabic is neces- 
sary when cages are of the type 
shown in figure 3. The care- 
taker uses this table for con- 
tainers with food and water supplied daily to the rats While not a 
necessity, a table wdth a drawer is a convenient accessory’ m any 
laboratory animal loom. It may hold the various small instnimcnts 
that are used frequently and serve al&o for taking notes and recording 
data. 

Erinking Devices. The device shown in figure 11 is satisfactorj'. 
Standard pint or quart bottles seiwe as water resen’oirs. Each has a 
rubber stopper into whicli is inserted brass tubing incli outside 
diameter with ^-^a-inch wall and 4 inches in length. This is tapped 
U inch deep at one end with a ^ifi-inch tap, 21 thread's to tlic inch. 
A plug made from ‘^in-inch l)rn«s rotl is screwed into this tapped end 
nnd cut ofT Audi with the end of the tulic. A ^su-inch hole i‘^ drilled 
*n thiti cloccfj plug and finished nilJi a sj>cciaJ lathe tool to fonn a 
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smooth hckmg surface The tube „ inserted into the n.l.l,er stopper 
1 % inches the remainder of it is uilliin tile bottle to sen c ns a support, 
should the bottle be larrcd The tip cm be ten casiK replaced, ln"t- 
ing as a rule about 2 jears eicn uitli uild fra} rats, nliieh colistantli 
gna^ it 

Other drinking dcMcos such as nur«cr> hottlcs, Imir tome bottler 
test tubes and gin's containers of all sorts !m%c been ob«cncd in 
many colonies Tlic«c arc usually supplied with tip^ of bent gla«s 
polished only on the licking end and inserted into rubber stoppers 
attached to the water resell oir 



Fio 12 ^oa 
Bcattcnnfi food 
cup 


Fio 13 Fartlro l-:o 14 ^klcmitio 
feeder daze I gur m'lrkms for pch 
face prec reeonb 


Tceding Devices The feeding dc\icc shown in figure 4 has proven 
very satisfactory (or dry ration (pressed bi«cint) A ledge on the 
lower part of the cage catches smaller particles of fccaltcrod food The 
animals will eat the food caught on this ledge For cooked diet a 
small pan about 4 inches in diameter and 3 inches deep is v cry gati= 
factory In quantitative feeding it is important to have a device 
which prevents food from being scaUcred yet allows the rat to secure 
food without great difficulty Figure 12 shows a satisfactory non 
scattering food cup It is made of Monel metal and has a perforated 
disk which prevents the animal from scattering and digging into the 
food An earthenware feeder of the type shown m figure J3 is used 
in many other animal colonics and may serve for a water cup as well 
Cold cream and ma«on jars of vanous sorts arc al«o used ae food cups 
Bedding Two chief types of bedding are used in The M istar In«ti 
tute colonies Shavings, pme or poplar arc u«cd in cages with solid 
bottoms, m dormer cages with *nch screen me«h bottom^ «hredded 
bond paper is preferred The«e materials are absorbent and deodorant 
and make excellent ne®ts Straw hay and wood wool or excelsior 
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also may be used for bedding, but wood wool is not advised because 
it gives off a fine dust which is irritating to the rats 


CARE OF THE COLONY 

Washing Cages. The cage-cleaning technique used in the animal 
colony consists of 

1 Scrubbing cage with soap and water 

2 Dipping in hot water 

3 Dipping in 2 per cent cresol solution 

4 Rinsing with cold water 

5 Setting aside to dry 

The ordinary commercial dish-washing machine provided with an 
oversize pump may be used for washing cages This machine sprays 
the cage from top to bottom first with very liot soap solution and 
then with scalding water This procedure leaves the cage and its parts 
so hot that they dry almost immediately after being withdrawn from 
the machine 

Sanitation. The Aeroil Torch (no 99), giving a temperature of 
about 2000® F , may be used effectively as a sanitary agent The 
lighted torch is moved over the surface of the walls and floor until 
the room has been covered completely This method is rapid and 
inexpensive It is as effective as the high-steam-pressure method 
that IS used in some colonies W F Wells (1940) has developed a 
lamp winch destroys bacteria by letting down a curtain of ultraviolet 
rays m tlie room It is inexpensive, can be substituted for an ordinary 
electric light, and has proven useful m preventing air-bome infection 
Permanent Records, filing Many methods ha^e been desenbed 
for filing pedigree records King’s method (191Sc) has proven very 
satisfactory The scheme as outlined is as follows A letter (A or B 
places the individual in its proper senes The serial letter is pre- 
ceded bj a number winch signifies the generation to which the animal 
belongs An index number (2, 3, or 4) following the serial letter 
shows in which of the mother’s litters the animal was born, if no 
index number is used, the rat was a member of its motlier’s first litter 
The sub'senpt after the scnal letter is a number which scries to dis- 
tinguish each particular rat from any other rat belonging to the same 
Rcneration and litter group To indicate the sex of the individual, it** 
number is enclo=ed bv the sex sjmbol In King’s schematic illustration 
(hg 14), t)io symbol denotes a female rat belonging m the seicnth 
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mi. ntslmcbccn (IciclopMl One ihcHukI conM ti. ol rullinR n 

V shaped escdsc into the border o( the car T«o three or four oci B 
Ly be cot m each ear to pee a large no-ber of marhmg cotnbtna- 
tion" 

A new "-iti^ncton punch wft«« 
deaclnpcd in The W I'tar In- 
‘-titutc for tnltooiiiR m(h\ulunl 
miml)cr« in tiie rats’ cars tn 
moans of India ink An ordi 
nar\ G inch ticket punch 11 as 
n«cd as a ludder (fiR 15) The 
(lit on the end of the punch was 
filed off and replaced with a 
piece of hra“* channel *'« inch 
lonRln “'h inch wide h> ^10 uich 
hijsh The number blocks were 
slid into place throuRh the open 
end A rubber pad of equal «12C 
was cemented to tht oppo'»itc 
Bide This compn cd the holder 
Inditidual digits from 0 to 9 
were made hj mounting steel 
pins in the form of the dc-ircd 
number on a piece of medium "oft rubber about % mch thick A 
small block of bra«s approximatclj y^ inch wide bj % inch long b> 
%c inch high with a hole drilled through it large enough to accom 
modatc the steel pm number, was placed oter the rubber form The 
hole containing the number was Uien filled with hot solder, and the 
rubber foundation drawn away from the pins The pm number block 
was then filed to fit snugly into the channel holder Two digits to 
each ear allow numbering up to 9999 

Another method is to paint various parts of the rat with a basic 
carboUucbsin stain It is necessary however to re mark the animal 
about once every six weeks Another simple method is to perforate 
the ear with a needle or punch m combinations of one or more dots 
and then paint the ear promptly with carbolfuchsm or India ink as 
described above 



Punch for Ktlooing numbers 
into rats cars 
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PiQ 16 Card No 1 Female breeder card for brecding-room file (actual size 
4 by 6 inches) 


Female no — Cage no 

Bora JbP^S L- First mating 


Flo 17 CirilNo 2 FcmiJc breeder (c-igc card) (actual size 2 b> 4 inches). 


Male no 
Bom 1-5‘SO 


Cage no 4Z€ 
First mating S-o^so 


1*10 IS C^itl No 3 'Mnle brcnlcr (cage can!) (actual ntc 2 b> 4 inches). 
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still another mcthwl of imrkins experimental animals is ns fol- 
lows the ecncration is lepre enter! li> toe amputation liegmning 
from right to left the litter numficr is marked on the right car, the 
indiMdual number is marked on the left car 

BECOKDINO DWA Thc sj-tcm u-cU for making permanent the data 
pertinent to thc maintenance of tlie colons has been refined during 
scars of experience to the present sscll fiinclioning one Thc method 
consists of keeping on a printed card nil e scntinl data concerning 
an indiMdual rat The male card (fig IS) is kept on thc cage in 



Fio 19 Card Ro 4 Litter cag* card (actual sue 2 bj 4 mehes) 


nhicb the animal is hou«ed It contains all thc information needed 
on the male, it is thc only indnidunl record on him and is umally 
di«carded alien he dies There is a corTC«pondjng female card (fig 
17) ahich functions in thc «an)c aa> but the hi«torj of the female 
IS kept on an additional breeder card (fig 10) which is handled m 
the folloaing manner 

1 The breeder card is made out for thc female on thc date when 
she IS first mated It is filed by number in a file provided for that 
purpo<se 

2 The mated females arc examined biweeUj for the placental sign 
mdicating pregnancy In thc event of their being removed to the 
maternity room the card is brought up to date and refiled {b> num- 
ber) m a file for cards of pregnant females 

i When thc female gives birth the history on her litter is recorded 
and the card is placed in a third file which contains onlj the cards 
for nursing mothers This time it is simply placed at the back of the 
file and is moved to the front in tlie three weeks allotted for nursing 
4 The breeder card continues to carry the record of the cumula- 
tive data on each female m this manner throughout her life I\hen 
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she IS lulled or dies, tlie card is placed permanently in a fourth file. 
Tins file IS built up chronologiCflUv according to tlio date of <lcath 
Altliougl) tlie system outlined above \sould sulTicc in yielding any 
neccssarj’ information, it has been found that in a large colony a day- 
book IS an important adjunct for easy reference The data concern- 
ing the animals arc entered in the dajbook in three ^^ay6 In one 
section the females in the colony arc listed by number Their dates of 
mating and tlie dates on nhich they give birth arc recorded In a 


Litter no 

' 27J-27a 

Bom j 

Parents M/i 

X ia!„ 

Weaned 

6 

Males OO 

Cage no 

4 

Females QQ 

Cage no 

Hemarks. 




PiQ 20 Cirtl No 5 Litter card for office file (actual size 3 bj 5 inches). 


second section the matings arc recorded chronologically, and the out- 
come of tlie mating is listed as soon as known Tins provides an 
easy way of discerning tlie non-productive females and eventually 
picking out non-fcrtilc males In the third section are copied all tlie 
data from tlie breeding card This serves as a cliock in the effort to 
avoid error 

Figure 19 shows the form for a card of bright color which is used 
to indicate the presence of a litter in a cage Figure 20 demonstrates 
the “new litter*^ card, filed in the office of the colony 


GENERAL CONSIDERATIONS 

In endeavoring to develop a healthy, uniform colony of rats, im- 
portant essentials to be considered are: 

^ 1 Selection of biecders 

- Intelligent and legular care. 
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3 Temperature of colony room 72->F ^ith 5“ ^a^atlon, humidity 
45 to 50 per cent Temperature of the room for neubom rats 
should be 78° F with a relative humiditj of 50 per cent, to 
prevent ringtail 

4 Clcanlmees 

5 Diet 

6 Exercise 

The«e factor- will be considered in the course of the chapter 


Selection of Breeders 

Fcrtihtj IS at its maximum when rats are from 100 to 300 da>s of 
age At this time the average number of >oung in a Utter should 
be abov e the norm (six per Utter) The mothers are u«uall> able to 
nur«c all i oung that the> ma> cast 

The proper selection of breeding «lock depends primarily upon 
experience, winch enables one to recognize the better animals 
Breeders should be “streamlined,” not plump or fat They «hould 
be free from all external physical defects, and the coat should hav e a 
uniform, smooth, and glo«sy appearance It is important also to 
«elect breeders from families that have a record of high fertilitj 
Dr Helen Dean King (1918a, b, c) has shown that brothers and 
sisters may be mated with no detrimental rc-ults, if breeders arc 
selected carefully Inbreeding of woll-'clectcd breeders tends to chm- 
inatc undesirable charactcnstics and to produce a homozjgous strain 
winch IS mo«t desirable for u®© in various tjpes of experimental work 
The Kmg “A” strain of albino rats are m their 135th generation of 
brother and sister inbreeding 

About ten generations of brother and sister mating reduce hetero- 
2 >gositj to about 8 per cent In comparison, breeding of brother 
and raanj balf-sisters reduces heterozygosity to about 20 per cent m 
eight generations (Bnglit, 1922) 

To reduce vanabihty, according to Hutt (1945), the biologist 
should (1) Icam the range of variation to be found m the species with 
which he works, (2) select the most suitable breed or vanet> for his 
purpose, (3) if possible, obtain foundation stock of a strain or strains 
alrcad> differentiated and proven suitable for that purpose, preferabl> 
inbred, and (4) mamlam the colonj without introducing new blood 
and with os much inbreeding as can be practiced without endanger- 
ing Vigor and reproduction 
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Handling 

The domesticated strains are easily handled and have practically 
forgotten hoi\ to bite in self-defense The colony caretaker should 
be interested m the velfaro of the animals, and the animals in return 
will become exceedingly friendly Rats should not be lifted by the 
tail, as are mice, but are picked up gently It is not advisable to use 
gloves at any time unless handling the wild, untamed forms 
Rats object strongly to noises, and certain types of noises will cause 
audiogenic seizures (Farris and Yeakel, 1943) The more frequently 
the animals are handled by the regular caretaker, the tamer they will 
be It IS advisable to discourage visitors to the colony, as they not 
only worry the animals, but also may carry m lice, mites, etc , un- 
knowingly on their clothing 


Phenomena of Reproduction 

Estnis Cycle The estrus cycle of the rat occurs usually every 4 
or 6 days, and each is characterized by pei iodic histological changes 
in the epithelium of the uterus and the \agma 
One of the earliest signs of estrus in the Wistar strain female albino 
rat IS ear qunenng, elicited by stroking the animal gently on the head 
or back This reaction docs not occur unless the rat is in heat In 
Men of the fact that the rat is nocturnal, this reaction does not occur 
under normal conditions until the very late afternoon or early eve- 
ning The copulatory response test (pelvic digital stimulation which 
produces lordosis) follows the car-qui\enng test Such a response is 
sufficient basis to assume tJiat tlic nnitnnl is in heat When in lieat, 
the female is nervous and apprehensive, darts about, and on being 
touched braces herself (fig 21A) 

It has been ‘shown bv Wang (1923) that estrus cycle clianges and 
actiMty cycles parallel each other In our experience (Farris, 1941), 
the mo'st accurate method for the determination of on^ct, regularity’, 
and length of heat is by observing the amount of running activity 
by the turntable method during the estrus c\cle Estrus is cMdcnced 
by increased running activity, which begins at the on«et Other signs 
of heat are ob«crvod by examination of the vngiml smear and in the 
appearance of the superficnl genitalia (dry, with radiating ridges and 
rliaractcnstic blue color rather than the moist, pink condition of 
diestnim) 






Fig 21 Slago* m tl c mating and birth cycle of the rat A Eetrua B Mating 
C on 1 D with m illc extension* F and F Deli\er> G Removal of 

amnioljc »1 cat! II I laeenta being eaten 1 The newborn in nest J \\ caned 
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To secure female albino rats in estnis for experimental purposes, a 
colony room is daikened completely from 6 00 a M through 6 00 p M 
Four 100-natt lights are then turned on automatically and remain on 
until 6 00 A M By this method the rats display more regular estrus 
cycles, and as a rule come into heat about ^ to 3 houis after 6 00 
A M on the fourth or fifth day 

Mating. Vigoious Wistai albino males attempt copulation fifteen 
to seventy tunes in 15 to 20 minutes, with one to two ejaculations, 
providing the female is m active heat Note in figure 21B the typical 
female lordosis during normal copulation 
Period of Gestation. Careful observations have shown that the 
gestation period of the albino rat is usually between 21 and 23 days 
In a scries of pieciscly timed females, gestation occurred in 22 days, 
14VS hours (range lOV^ to 21 hours), in the pnraipara A flow is 
CMdcnt usually lYn to 4 hours bcfoic the first birth Gestation may 
be extended a ^^cek or more, however, if a female is carrying a large 
number of young and suckling a picvious litter (King, 1913) 

Pubeitj, Ovulation, Menopause. Both males and females become 
sexually mature at about 50 to 60 days of age In Wistar rats, the 
vaginas aie open in about GO per cent of the females between 35 and 
50 days (range 15 to G7 days) According to Di Harry Shay (per- 
sonal communication) , the testes descend in 85 per cent of the males 
between 18 and 31 davs (range 15 to 51 days) 

Blandau and Sodeiwall (1941) reported that ovulation was com- 
plete by the eleventh hour aflei the beginning of heat in postparturi- 
tionai (and pnst^fartnni) rats 

Ovulation has been shown to occur in mated rats (Farris, 1942) in 
about S’, 4 hours after the start of running activity on the day of heat 
in tlic mated females, and in about 10 hours in the unmated females 
The mcnoinii«e occurs usually when the females me 15 to 18 
months old This 1*5 indicated m the activitj records of tlic female, 
which show irregular cjclcs and frcquentlj great bursts of activity 
during the changing period Postmenopause is cimrnctenzed by ratlicr 
regular bursts of voluntary’ running (Farns, 1915) at 17- or 18-day 
mUn.als 

Partunlion. The on«ct of parturition is characterized by rather 
rcgulur e\tCTi«ion'!, witli tlic intcnnl shortening from 2 minutes to 15 
second*. During earlv labor the female stretches (fig 21C) v\hilc 
walking about the cage With the npjmncli of parturition, the e\ten- 
••ions become mon? «(.\ore (fig 21D). Tlic female rests on licr 
ftlHlomen. and the hind limbs extend off the cage fioor (note left leg). 
ITUnne nppks and contractures arc frwiuently visible on the ab^ 
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cloiDinal nail During the extension and contracture period the cervix 
dilates and the abdominal descends Note the abdominal ma«s 
before descending in figure 21C 

The time required for partuntion depends largel> upon the age, 
litter size and physical condition of the female It maj take but a 
fen minute® or be prolonged for man> hours, the u«ual litter being bom 
■nithm 1 to 2 hours 

Birth of Young The first fetus is usually expelled by head presen- 
tation, and the others follow cither b> breech or bj head deli\erj 
In mo®t cases the female licks the vuUa preceding the deli\er> (fail 
ure of the rat to lick the \ul\a «ecms to be correlated mth difficult 
deluery) During dclucry ®he stands in a ®cmi crouched position 
(fig 21E) 

Birth Weight The weight of newborn rats is influenced b> «e\eral 
factors «cx, ®ize of litter, phj«ical condition of the mother, and her 
age The aicrage birth weight of albino rats in The \S istar Institute 
Colon> IS about 5 7 grams with an a\cragc of 8 4 per litter 

eight and other changes according to the approximate age of the 
mother are 'hown in table 1 


TABLE 1 


The ErpEcr or Inckcase of Aob of the Mother on tbe Nihibeb of 
Mries and Feuales Borne 


Age o( Mother 

Number 

of 

Litters 

Number 

of 

^ Individuals 

Males 

Females 

Average 
eight of 
Newborn 

120-1S0 days old 

&0 

441 

1 



180-230 (lays oW i 

50 ' 

488 

255 

233 

5 7 



499 

1 212 

287 

i a 9 







290-3G5 dal’s old 

50 

3SS 

I 210 

178 

1 5 9 


Placenta The female help* wtUi the expulsion of the placenta b\ 
pulling It out with the mouth (fig 2iF) She promptlj eats it (fig 
21H), holding It and working it m her forepaws The placenta a® 
Hammett has demonstrated apparentlj furnishes a growth promoting 
substance to the milk. 
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AGE DETERMINATION 

Cleaning Young* Tlic mother licks the young rat and removes the 
amniotic sheath (fig. 21G) . The mother very seldom pays any atten- 
tion to the young until the placenta has been eaten. 

Tlie Nest. The mother finally assembles the young at the nest site 
(fig. 211) . She then cleans herself and permits nursing. 

Sex Differences at Birth. In newborn rats the sexes can be distin- 
guished by external characters (Jackson, 1912). The male is charao- 



Fiq. 22. E.xternal sex differences in young rats. 

lerized by a larger genital papilla and a greater distance between the 
anus and the genital papilla than in the female (fig. 22). Changes in 
the anogenital distance at various ages arc shown in tabic 2. 

TABLE 2 

Anoqenitai. Distance in Youno Aebino Rats of Various Aqes 

Average Anogenital 
Distance (millimeters) 


Age 

Male 

Female 

Newborn 

2.8 

1.2 

7 daj-s 

5.2 

2.7 

14 da>'s 

8.2 

4.0 

20 daj*s 

12,0 

7.0 

42-50 d.'ij'S 

21.0 

13.0 


Fcmalw lack nipjiles at lilrth, but show sit pairs ^\hcn they are from 8 to 15 dija* 
old. Occa-Moiially supernumerary nipples are present. 

Age Detemunation. The rat is bom hairless and blind, witli dosed 
cars, undcvelopetl limbs, and a short tail. Locomotion is cfTcctc<l by 
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44 ngBling and paddling The head is alnn%- ttarclilng, iiltli quick 
rcipon«e to oltactorj and ta"lc .timuli The approMniate age o[ n 
rat maj be determined ns followB 

Days 


Before birth 

Eycli U of fetus fuse 17 

After birth 

Ears open 2J-f-3'^ 

Inci'’or8 erupt 8-1 0 

^oung find way to mother 9 11 

Eyes open 14 17 

Hair obscures Kcnitahs 10 

Hair obscures nipples in females 10 

First moHr erupts 19 

Second molar erupts 21 

Third molar erupts 35 

Testes descend 40 

Vagina opens 72 

Menopause occurs 450 


Life Span The life span of the albtno rat is n«eumed to be nbout 
3 jears ^hich maj be considered as equal to 00 jeart of buman life 
(Donaldson, 1924) 

Under the fatorablo climatic conditions of California, rats bate 
hted oter 40 months (Slonakcr, 1912) In regions nbcrc there is much 
humichty mth high temperature m ®ummcr and c\trcmc cold in winter, 
few individuals luc for more than 2 >cars 
Domestication A strain of wild gri> Norwn> rats Ins been main- 
tained at The Wntar Institute for more than 30 jenrs (King 1939) 
These rats are more acutely Ecnsiti\c than albinos and are casil> 
startled by any quick sharp «ound or movement and by any new 
odor, human or otherwise Thej can be made as docile as albino rats, 
howe^e^, if they are handled frcqucntlj while joung 

^\hen tamed gray Norivay rats can be handled with comparati\e 
ease, and thus are excellent for special research work The strain is 
homozygous, the animals arc large and Mgorous and lm^c pro^en 
to be good breeders They arc more resistant to infection than arc 
other strains of Norway rats 

The breeding procedure outlined for the albino rat is satisfactory 
for gray rats, but bccau«e of their gnawing propensities, gray Norway 
rats should be kept in metal lined cages 

Foster Mothers In certain expenmental problems treatment of the 
mother often causes a lack of milk supply essential for the young 
Foster mothers may be substituted with marked success, particularly 
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in tlie albino strain. King (1939), with reference to the wild grays, 
says: “^lany females w’ould rear litters from other strains if they 
were barred from the nest until the young had acquired the nest odor. 
However, alien young were always killed if the mother had access to 
them as soon as they had replaced her own offspring.” 


Breeding Methods Used in Tlie Wistar Institute Albino Rat Colony 

1. Selected breeders arc mated for the first time at between 100 
and 120 days of age. The males and females used are approximately 
the same age. 

2 To obtain a large number of young, two males and six females 
are placed together in one cage. The female rats remain there until 
found pregnant. 

3. Each female rat is examined twice weekly for signs of preg- 
nancy. Pregnancy is indicated by the placental sign, which is a drop- 
let of blood appearing at the vaginal opening, or by a marked increase 
in weight, approximately 25 to 30 grams, and by an enlargement of the 
abriornen which is evident at about the fourteenth day of gestation. 

4. All female rats found pregnant are isolated in individual cages, 
and remain there until the litters arc born and weaned. 

6. Litters arc weaned at 21 days of age. Each member of a Utter 
is then weighed, and those W'cigliing less than SO grams are discarded. 

6. After the weaning of a litter, the mother may be given a rest 
period of about 2 weeks before being mated again. 

7. No stock female is permitted to have more than seven Utters. 
Male breeders arc removed from tlie breeding cages at 12 to 14 month's 
of ago. 

8. Accurate records are kept for each female and male born and 
maintained in the colony. 

9. A record is made of all males and females that prove to be 
sterile, and of any abnormalities which may be detected. Unless such 
animals arc being used in special work, they are destroyed. 

10. By regulating the number of animals per Utter it is possible to 
obtain at weaning ago an animal of more uniform size and weight. 
This is (lone by allowing a standard figure of eight young per Utter, 
and discarding any excels number. Small Utters may be increased 
to the standanl figure by adding the discarded members of anotlicr 
Utter horn on the same day. 

11. For gray Norway rats and their mutants, it is preferable to 
breed i>airs of Utter mate**. The female should remain in the same 
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breeding cage until the litter is penned, nbout 2S to 30 da>s The 
male ma> be left in the cage without liafmful results 

DIET 

The finest laboratory rats arc obtained when a ^nncly of good- 
quahty natural {ood« is u«cd Mnn> combinations of foodHuffs would 
adequately supply their nutritional requirements One of thc«c com- 
binations as listed below has liccn u«ed at The ^\ istar Institute since 
1905 m the colony of Dr II D King 
It is known that diets of highly purified ingredients can be prepared 
in dried checker or cube form, and promote cvccllcnt growth and re- 
production in rats This type of diet Js calculated on food aalucs 
measuTed m ierms of -ptotem^ wiwwwws, 7avwctal=, 

and water The cube method offers certain advantages m that it is 
economical and simple to feed and Inmllc, doe* not spoil, nnd permits 
case in cage cleaning However, the diet becomes thoroughly mo- 
notonous, as evidenced by the rats’ preferential interest in any other 
type of food, when available 

The dietary requirements of the rat in the form of nutritional essen- 
tials are luted in a chapter by Dr R H McCoy in the monograph. 
The rat tn laboratory tnocrttgation (Farris and Griffith, 1919) 

The diet in use in the albino colony of The i«lar In«titulc is about 
as follow s An ample «upply of dog chow checkers la alw ays av ailable 
5Idk IS supplied four times per week, per individual rat Approxi- 
mately 6 02 of evaporated milk diluted wntli equal portions of water is 
fed in individual dishes placed in the cages Female rats that have 
weaned a litter are not given milk until they have stopped lactating 
Green vegetables arc made available twice weekly Several pieces of 
raw cubed carrots with green tops are offered, or such items as raw 
lettuce, spinach, or other greens Raw pig’s liver m inch cubes is also 
fed twuce weekly 

Fresh, clean w ater for drinking is available to the rats at all times 
In another Wistar Institute colony the following cooked diet is lued 
The basic daily diet consists of 

yt pail Bcurbeans 
pail peas 

2 pails whole wheat 
1 Koop salt 
12 lb fish 

i scoop whole niilk powder 
8 pails com meal 
20 gal boiling water 
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The pail employed is a standard 5-quart one, and the scoop has a 
capacity of 1 quart 

The food is cooked for about 1 hour, or until the water boils away 
and the food is fairly dry, in a 50-gal steam cooker It is spread on 
trays to cool This food can also be put through a meat grinder to 
form macaroni-like strands It is then placed on ^vire screens and 
dried in a hot room This makes an excellent dry diet for feeding 
over week-end periods It keeps indefinitely 
The basic diet formula is usually varied 3 days per week to include 
other items such as bone meal, pondered eggs, meat, liver, kidneys, 
heart, or tomatoes and salmon, m place of the fish 
The quantities given in the formula will feed 900 to 1000 rats 
Each cage of 14 rats receives a 1-quart ‘?coop of food daily, and each 
cage of 9 rats receives a 1-pint scoop of food daily, with double por- 
tions on Saturdays The rats arc fed once daily 
The well-supplied storeroom should contain whole wheat, com meal, 
split peas, canned tomatoes and salmon, egg powder, whole milk 
powder, and salt 

As a precaution against the usual brown gram weevils or the dull 
gray flower moth which occur in dry diets, it is advised to avoid over 
one week’s storage of food, particularly during the summer months 
All foods should be stored in metal containers and under dry condi- 
tions It has been customary to sterilize tiie food before use 
Loosh (1945), in an excellent chapter on feeding laboratory am- 
nnU, shows a comparison of diets fed to different rat colonies The 
following diet devised by Jklajnard (1930) is reported as being a ready- 
mixed stock diet for rats which ga\c satisfactorj' results during 
growth and reproduction The mLxturc was composed of linseed oil 
meal 300 lb , ground malted barley 200, wheat red dog flour 440, 
dried skimmed milk 300, oat flour 300, >cllow corn meal 400, steamed 
bone meal 20, ground limestone 20, and salt 20 Extra \itnmins A 
and D were supplied twice a week, but no green feed or other supple- 
ments were fed The •same mixture has serxed as a stock diet in the 
Cornell rat colony for the past IS >cars and has been considered 
adc(iualc 

DISEASES 

There arc certain di«ca«es of the rat occurring in well-run colonics 
and tlu^'c conditions «hould lie recognized If thc> arc detected 
txrh, j-pccific treatment max be imtituted and a cui^ effected In 
^tmdard pniclice, unless the di*-ca-etl nnminl it of pirticuJar inter- 
ot, it *110111(1 ho (iettrojed 
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Pneumonia 

Sj-mptoms The aninnl has unnitur-il, nol3^, Inhered, nnd quipk- 
ened breathing T1)C car* and noao arc looking The nnnnnl 

sits usuallj i\ith Its back nrchwl The fur i» roughened nnd dull 
^hite, ratlicr than smooth and ihe nnimal is u'^inlU cold to 

the touch The no tnls arc rcddi«h often sMth a blondj discharge, 
and tlie cacs arc frcqucntlj matted A« the rat rcfii«ts to cnl, there 
IS a lo®s of n eight Hales arc u«uall> heard anti felt in the lungs The 
rat dies ucinllj from this di«ca«c 

For pathological and microscopical exammatum findings, the reader 
IS referred to the chapter on spontaneous di‘-ca‘*cs, 1)\ Dr Herbert 
Hatchffe, in The rat m faborn/ory iiitcstiyoNtni {rams and GnlTith, 
1949) 

Treatment Unlc'S the animal i' aaluahJt expennuntuDs, it is 
economical to destroy all sick rats The newer treatments for human 
pneumonia pro\c satistactorj 

The incidence of respirator) infections greatl) mcrcn«os when the 
following conditions exist in an animal colonx (1) the air in the 
room 18 stagnant and hcavil) laden with fumes from the excreta, {2) 
the debris pans arc not cliango<l often enough, (3) the bedding needs 
changing, (4) the cages need cleaning, (5) the room temperature is 
unsatisfactory , (6) the atmosphere is du<t) 

Middle Car Disease 

Symptoms Slight tilting of the head to one cide nnd no=e clo«o to 
the floor, turning aw ay from the midlinc 

Characteristics The rat may stagger and lack coordination When 
such a rat is held up bj the tail it will usually rotate rapidly 
At postmortem examination, the auditory bulla is usually the source 
of extensive grayi«h yellow pus 

TieatmenL According to King the young should be separated at 
birth, and placed with footer mothers free of this dj«oaec 


Paratyphoid 

Paratyphoid di^ca^e of rats is caused by bactena of the genus 
SatmoneJla This condition is unusual in well run colonics The 
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rats may become infected by food or by contact with the excrement 
of wild rats oi mice 

Symptoms The ears become pale and anemic looking The eyes 
become chocolate brown rather than bright pmk The coat is usually 
rough and dull, and the rat is below standard Crusts are visible 
around the nose, and diarrhea is common 
The postmortem and microscopic findings are described by Dr 
H L Ratcliffe under “Spontaneous diseases of laboratory rats” {The 
rat in laboratory investigation, Farris and Griffith, 1949) 

Control and Treatment. According to Slanetz (1948), a practical 
method of paratyphoid control has been developed m a feces culture 
method In order to maintain a low incidence of Salmonella infection 
in breeders it is necessary to test young potential breeders before 
mating 

It IS likely that the infection can be eliminated in rat colonies 
(Slanetz, 1946) by incorporating streptomycin m drinking water for 
7 consecutive days m adequate dosage (100 or more units daily) 

Ringtail 

This IS a condition in which newborn rats soon develop reddened 
tails that become swollen, and then constricted, with corrugated rings 
The tail and occasionally the toes blacken and drop off Ringtail 
occurs as a rule in late fall or dunng the winter season 
Treatment. This condition Ims been eliminated by providing live 
steam to the room and maintaining the humidity at about 50 per cent 
The temperature in these rooms is kept at 76 to 78° F Drafts should 
be a^oldcd, and when the condition is prevalent it is recommended 
that the metal cages with open wnre mesh be eliminated A wooden 
cage with solid wooden walls and bottom and a screen top serves well 
to eliminate drafts immediatclj after the mother delncra her litter 
A.fter the litter is weaned succc-sfulij , the rats may be placed back 
m the usual cages 

Fault} Dentition 

Signs and S\Tnptoms. The incisor teeth become abnormally long, 
mlcrfenng \Mth normal feeding and often c.xtcnding into the muscles 
of the lip or cheek 

Treatment. The cxcc^-^uc growth ‘•hould be clipped with bone 
foTCOpa 
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PARASITES 

The parasjtcs of tljc albino rat arc detrimental to grmith and breed- 
ing and maj modifj experimental finding-* Tor accurate rc'earcb, 
animals isith 'uch infcetion arc undesirable, although thes apparenth 
lue and become adjusted to the infection x\ith little d^turbance 
For detailed infonnation rtlatuc to parasites, the reader is re- 
ferred to the fundamental chapter b\ D II Wenneh, “Protoxoan 
para-'ites of the rat” (Farri-* and Griffith, 1949), and the fine chapter 
by H L Ratchffc, “Metaxoan parasite' of the rat” (Fnms and 
Griffith, 1949) 

Included in chapter 16 b\ \V E Do\e arc new metho<ls for the 
control of laboratorj pc-'t*' and para«itc« If the animal quarters ore 
se\crel> infc«tcd it is «uggc«tcd that reliable and wcll*c*tab!i®hccl 
pe«t control laboratories, with cxpenenccd entomologists, be con- 
tacted for opinions 

The para«itcs ma> be diMdcd into two groups, the external (ecto- 
parasites) and the internal (cndopara«itc«) 


Ectoparasites 

The ectoparasites found on the albino rat that are of chief concern 
are the blood suckers which include flea® “uckmg lice, bedbugs, and 
certain mites which cau«c much imlation and «cratching, with «omc 
lo«3 of blood 

Fleas According to RatchfTc (Fams and Gnffith, 1949), fleas of 
several genera— Pulex, Xenop^i/Ua, Ctenocephahdes, and Ceratophyl 
lus— are common parasites of wild rats in various parts of the world 
Ova are depo-sitcd in the floor of burrows and hatch into worm like 
larvae which feed on organic matter Each molts three times before 
spinning a cocoon m which pupation occurs and from which the adult 
emerge^ Fleas are troublesome only m untid> colonies in which the 
bedding remains unchanged for weeks 

CONTROL Thorough cleaning and meecticidal *=praj8 are effective 
in controlling this condition (See chapter 16 ) 

Lice The sucking lice (Anoplura) have long flat bodie-*, small 
beads with simple three- to five jointed antenna and a simple c>e 
on each side of the head Thej are about 1 4 mm m length There 
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sitic during their entire lives and deposit their eggs on the hairs of their 
host (Greenman and Duhnng, 1941) 

CONTROL AND TREATMENT Cagcs should be cleaned thoroughly and 
disinfected with insecticidal sprays (Pyrenone Emulsion, sec page 
72) The animals could be powdered with derris, containing 1 per cent 
rotenone This may be injurious to young rats Another effective 
treatment is to incorporate 5 per cent DDT (dichJoro diphenyl-tn- 
chloroethanc) in a mineral diluent 
Bedbugs (Cimex lecturalius) These are brown, fiat, wingless ani- 
mals, the adults mcasunng about 3 by 4 mm , the young being smaller 
0\a are deposited in the crevices of cages, after taking blood meal 
As bedbugs are common parasites of man, it is important that all new 
caretakers be checked before entrance, to prevent bringing the bugs 
into the colony Bedbug infestation is quite uncommon in American 
colonies 

CONTROL Pyrenone Emulsion is a harmless treatment and is effec- 
tne for 3 necks A 5 per cent solution of DDT m odorless kerosene 
sprayed on nails, cages etc, until moist, is also a satisfactory 
treatment One application lasts for seaeral months (see page 72) 

Mites (Acarma) Several varieties of mites may be found on the 
skin of the albino rat, as indicated b> minute red and snollcn areas, 
about 1 to 2 mm in diameter, giving a generally inflamed appear- 
ance The “scab mitc” penetrates the skin and deposits its eggs as it 
burrons in, on the edges of the cars and along the tail The tail 
appears exccedinglj rough and red and maj c\en bleed 

CONTROL TYic usuaf thorough cfcaning oi" the cofony and cages 
is essential The logons ma> be treated with a sulphur ointment, 
''Inch scrNCS well to co\cr the bare spots on the rat’s tail or car 


Endoparasitcs 

Of the internal parasites, the tapeworms, or Ccstoda, are most 
frequenth ol)«cnc(l m the albino rat This is probably because the 
cncistcd laiwnl tapeworm, Cysticcrcus fasciolans, a form common to 
rats, IS ea'silj M^iblc in the liver of the albino rat, appearing as small 
uorv -white cvbts 

Tljc Kematoda, or true roundworms, and the Acanthoccphala, or 
tliorn-licadcd worms, art a!®o found m the albino rat 

The protozo \ found m the mtc-tmnl tract of tlic albino rat arc listed 
h> ^\<.nnch (Farris and GnlTitlt, 1949) 
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Of the blood parasites Bartonella muns dc'cnbed as occurnne 
m colonies other than that at The ^\istar Institute The rata are 
subject to an anemia c'peciallj marked after splcncclom>, and a'«o- 
ciatcd mth the prc'cnce of ‘'mall cocemd or bacilloid bodies on or 
m the red blood cells (Hall 1934) Bartonella infections ha%c been 
controlled with neoeaUar«an, 0014 gm per 100 gm of rat, gi\cn 
mtramuscularlj (Duca, 1939) 

Detafled Methods for Control and Treatment of Parasites 

All equipment colony rooms mth emptied cages, bedding, feeding 
di«he% cooking utensils, etc , should be carcfullj sterilized, prcfcrablj 
in a steam sterihrcr with 15 lb pressure for 10 to 15 minutes If this 
method is impractical, the cages should be immersed in a 5 per cent 
cre*ol solution for one half an hour, then thoroughl) ringed in clean 
running water, and set aside to dry All bedding «ha> mgs, cxccl«ior, 
and paper clippings should be sterilized in the autoclave, if po'Siblc 
The walls floors etc , of the animal rooms should be «pra>cd until 
thoroughly wet wnth a P>renone (pipcronjl butoxide p> rcthrum) 
Emulsion twnec the fir«t month, and once a month thereafter, until 
ab«olutely free of pests Tins substance is adv i«ed because of the low 
toxicity It IS made as follows 

Pyrenone * (refined) R E 60-5 20 cc 

AUot J0I6A 12 Agra 

Walertomaketotalof lOOcc 78 6 gm 

above solution 1 part 

Add water (si tune of uw) 4 parts 

* The Pyrenone R E 50-5 ts etandardized to contain SO gm of piperonyl butoxide 
plus 5 0 gin. of pyrethnns per 100 cc in a deodorued base oil vehicle (Ultrascne — 
Atlantic Refining Co Philadelphia Pa ) Pyrenone u obtainable from U S tndav 
tnal Oiemicats 00 East 42nd St New York City The Atlox is manufactured by 
the Atlas Powder Company of Wilmington DeL 

When the cages are emptied and sterilized, the emul«ion should be 
put on them (especially inside) with a small scrubbing bru«h, paying 
particular attention to wet down thoroughly the joints, cracks, and 
area around the water bottle This coating is effectu e for 30 day « 
During this period the ectoparaiites on the animals and in the cages 
are killed 

Sev'erely infested rats should be anesthetized m a glass jar, and 
under clcxe observation After h^t anesthesia, the mites, which 
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come to the surface, are brushed into the ether ]ar or into a cresol 
dish The rats can be dipped into a solution of Pyrenone Emulsion 
A larkspur solution can also be used, by painting the liquid over the 
entire animal with a toothbrush, until it is saturated with the solu- 
tion The larkspur solution is made up as follows 1 part tincture of 
larkspur seed, 3 parts 90 per cent ethyl alcohol All lice, including 
nits and mites, are killed at once These should be brushed or picked 
off the rats with forceps Nits attached to the hairs need not be 
removed, as the eggs are killed immediately by this treatment If 
this drastic treatment is too time consuming, coating the cages with 
the Pyrenone Emulsion is very satisfactory, but not quite as certain 
under the circumstances 

Flics and Mosquitoes It is advisable to maintain a colony free of 
these pests, and long-period control can be accomplished by spra> mg 
all the resting places, such as walls, cages, and lamps, with a solution 
of DDT in odorless kerosene (Ultraseno — Atlantic Refining Com- 
pany) (See also cliapter 16 ) 

Cockroaches. Tno to three types of cockroaches appear in animal 
houses, particularly in heated quarters or wliere there is heavy 
moisture 

co^TROL A cockroach spray should be applied twice the first 
month, and monthly thereafter, in order to destroy the eggs or young 
that hatch out Pyrenone Emulsion, described previously, is recoro- 
mended Sodium fluoride 1ms proven satisfactory, but a mixture of 
pyrethrum pouder and sodium fluoride, 50-50, is u little faster and 
probably more effective 

A J Lehman, Chief of the Dnision of Plmrmacologj' of the Federal 
Security Agency of the Food and Drug Administration, recommends 
a deodorized kerosene ba«c containing 5 per cent DDT and 2 per cent 
chlordane As both of these compounds arc poisonous substances, care 
must be taken to make certain tliat ncitlicr rats nor tbcir food be- 
come contaminated A coarse spray is directed against the nails and 
floor The animals and cages arc prcfcrnblj remo\ed from the room 
during application (Sec chapter IG ) 

PRACTICAL SUGGESTIONS 

1. Select the finc'l stock for >our t\pcnmcnt‘», and inbrccd until 
the strain is homoz> gou** 

2 Quarantine nil new stock until pn)^c^ dean, before adding to 
an> experimental section. 
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3 Prevent introduction of infections discuses nnd parnsitcs 

4 Proper housing 

A A lighted well-arranged colonj of proper construction 
IS ecscntnl 

B Control adequatcK temperature, luimiditj , and cvclnnge of 
air 

C Pro\idc proper cages nnd do not o\crcrowd the animals 
D Ha\e suitable bedding 
E A\oid drafts 
F Avoid unncccs^arj noi«es 
G Maintain animals on the finest diet po‘«sible 
H Supplj frcsli water 

5 Sanitary practices Clean debns pans dail> Clean mdiMdual 
cages weekly and thorouglil> disinfect and change cages completclj 
tnico a jear 

6 Personnel Select when possible, indiMduals who like animals 
and enjoy handling them as time permits A contented animal is the 

best research animal 
7 Vi«itors Admit M«itors Viho 
ha\e not Msitcd other colonics 
within 21 hours, thus avoiding 
chances of carr> mg in'octs or para- 
sites on the clothing 

SUGGESTIONS FOR SHIPPING 
OR IMPORTING RATS 

Shipments of animals are made 
via Railroad Express or Air Ex- 
press, and are sent express collect 
or prepaid Shipments of animals arc injured by the Railw ay Express 
but not by Air Express 

The shipping crate for rats (fig 23) is 9 by 10 by 22 inches, with 
a 6*4 by 22 inch “crecned opening that extends across the top and 
front of the crate, as shown m the illustration The movable top slat 
permits in«ertiQn of the rat beddmg food, and water A maximum 
of eight adults or twelve immatures is sent in one crate 
For a 3- to 4 day tnp the following food is recommended to be 
placed in the crate 2 heads of lettuce (good size), 3 lb of potatoes, 
2 apples or carrots For an overnight trip, 3 lb of potatoes is suffi- 
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went The food should be washed and soaked before being placed in 
the crate Water is furnished in a can that is fastened securely in a 
corner of the crate The can may be refilled while en route by pouring 
\sater through the screen mesh It is designed with a nm aiound the 
mouth to prevent the water from sloshing out A card with instruc- 
tions to watei en route is attached immediately above the can loca- 
tion on tlie outside of the crate 

The crate is clearly labeled in crayon pencil, and also with an ad- 
dressed typed card A statement as to the value of the shipment the 
number of crate®, and the number of rats m a crate must be included 


Procedure for Shipping Animals to Canada 

1 Obtain ‘ Shipper’s Export Declaration ’ forms from Railway 
Express Agency These forms are free of charge 

2 Fill m two copies of the above form Although there is space 
for a notary’s seal, notarization is unnecessary As these forms are 
subject to revision, it would be wise to check with tlic Railway Express 
Agency or the Customs Office 

3 Custom commodity number must appear on this form and also 
on the shipping crate To obtain this number, call the Department 
of Commerce 

4 The ‘ Shipper’s Export Declaration” form asks for a license num- 
ber This IS Unnecessary if the animals arc to be used for experimental 
purposes 

5 These forms arc sent along witli tlio slupment 

G It IS unnecessary to lia\c the nniinals examined 

7 For shipments to Canada, special ^lA in\oice forms arc ncccs- 
®ary These may be obtained from commercial stationcrj stores 
Make out !MA in-\oicc forms m triplicate and mail along with the 
regular in\oicc MA in\oices need not be notarized 

8 Make out the usual “Collect” or “Prepaid” expre-s slips 


Shipment of Animils to Soutli America 

1 Call airlines to find who will cam the shipment 

Eine up itinerary from dep irtiirc point to dcIiN or\ point, and inform 
the con^'ignoc 

2 \ir cx-jirc s shipments are prepaid and cannot be moureil 

3 It )s «cce««ar> to «cn(l along with the shipment a ctrtificntion 
that the animal® arc in good health and free from pirasitt*- 
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4 Shipment is also accompanied bj tour copies of “Sliipper's Export 
Declaration’ form which is obtainable from the Enilnaj Express or 

the Custom House , , in 

5 Consular or commercial invoices arc not required for \ cnczueia, 
but a special declaration is often required m quadruplicate This 
form should be made up on letterheads and all eopic** must be signed 
The following information mu«t be gtien and m the following order 

1 Name and address of shipper 

2 Name and address of ultimate consignee 

3 Date of shipment 

4 Name of point (city) from which shipment is made 

5 Name of point (city) of destination 

6 Name of earner 

7 Marks and numbers as appeanng on each package (When 
there IS more than one package on one Airwajbill, each package 
must be numbered differently and con«ccutiv clj ) 

8 Declaration of contents 

9 Gpo«s weight, followed by gross weight in kilogram® Kilograms 
must be earned to three decimal points Weight must be w rittcn 
out in words 

10 Value State value in words, not figures 

11 Name of country of origin 

12 "I hereby declare under oath that the information gi%en m the 
foregoing document is exact and I will mdcmnif> the earners 
for any damages which may ari<c tiicrefrom,” followed by the 
name of shipper wuth signature of person signing for shipper, 
and title of such person 

It is unnecessary that the foregoing declaration be notarized or 
certified m any manner other than by the signature of the shipper 


Importing Animals from Foreign Countries 

1 Arrangements for the flight are made by the shipper, who notifies 
consignee as to airline company, flight number, and departure time 

2 Check with the local airport or the company carrying the ship- 
ment m regard to flight arrival 

3 Animals should be released by customs either at the port of 
entry or locally 

4 To have the animals released at the port of entry, obtain the 
services of a broker in that city through the air transit company 
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5 To have the animals released by customs locally, it is necessary 
to secure a permit for customs release from 

Surgeon General’s Office 
Department of Public Health 
Quarantine Division 
Washington, D C 

This permit must either be in written form or be sent from the Custom 
House through its teletype system 

6 Have the animals picked up immediately upon their arrival 
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INTRODUCTION 

Where experiments require large numbers of individuals or rapid 
succession of generations, mice are economical They are t e es 
and fastest-brceding mammals available, since they average only about 
an ounce in weight, and breed in the third or fourth month of life, 
with litters of up to a dozen or more young practically o\ery month 
Wild mice are generally unsuitable for the laboratory, however, 
they are incurably vicious and prone to escape Even the young of 
wild mice reared in captivity soon reveal their heritage 
Domesticated strains are quite tractable by comparison and may 
even become pets There are numerous distinct strains, characterized 
by various colorations, behavior traits, anatomical and physiological 
peculiarities, and size Proper choice of strains for an experiment is 
often a crucial point and should be given careful consideration 

“Fancy mice” are obtainable from pet stores and various dealers 
advertising in such magazines as Small Slocl Journal and All-Pets 
Magazine Mostly they may be classified as “white mice” of unknown 
origin, other colors are also available, especially orange or red, and 
“Dutch” or piebald, and ^altzers Indiscriminate use of such types 
m the laboratory may give erratic results “Mouse units” and mini- 
mum lethal doses may vary widely 

Tor standardized genetic material it is best to select among a num- 
ber of highly inbred strains available from larger laboratories Such 
strains, and first-generation hybrids between them, offer a wide range 
of tjpes, each of extreme uniformity, as far ns heredity is concerned 
Two factors appear to have been inxolved in the origin of the genetic 
%anct\ encountered in mice a long period of domestication, with 
selection of mutants, and species lijbndization The house mouse 
79 
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of Europe diders con=i(lcraW> from the Asmtic Fpccics, hut crossing 
can rcadib occur The sma« Inpanc^c ^%nlUcr, for example, seems 
to be clucfiy derued from the Oriental specie^ 

The production of the %anoui inbred strain'! of mice hn*! nccc«*i' 
tated many changes in the care of such animals Ilcfnrc inhrccdinp 
was e«tabh«hcd almo«:t anj selection of good animal food was suf- 
ficient to supply the nutritional requirements of mice One svcll- 
kno^n experiment was performed on mice which had received a diet 
of bread and watcrl Also the Iqbnd vigor that was maintained b> 
pen or uncontrolled matings was sufficient to carry on an> particular 
group of experimental mice However, from time to time, infectious 
diseases, such as paratyphoid, would be introduced into a colon> and 
the entire group of experimental mice would be w ipcd out nlmo«t over- 
night This discouraged many investigators from setting up long- 
time experiments 

The u«e of inbred mice has controlled, in proper hands, cxcc'^'i'C 
biological xanability but lias unquestionably reduced vigor Manj 
of the«e animals, even though they may be ph>Mologicall> weak or 
delicate have other admirable characteristics winch make possible 
quantitative rc«carch in the various biological science* It therefore 
becomes nccc««ary to protect mice of a highlj inbred strain bj the 
application of rigorous procedures for their care Not all inbred mice 
are physiologically weak, some of them have high fertility, carl> 
sexual maturity, and, having been produced b> 'election, great lon- 
gevity Other inbred mice, such as the JK, require a higher tempera- 
ture than do mice of other strains, mice of the 1 and F strains require 
for their proper maintenance quite a different diet from that of mice 
of other strains Man> other differences between the strains could 
also be indicated Not all laboratories arc equipped for the application 
of all these environmental xanabics for the maintenance and continua- 
tion of all these various inbred mice It is desirable, therefore, to 
discu's the general principles involved in the care of a colon} of mice 
and leave it up to the mvesligator, first, to incorporate variations 
suitable for the needs of the colon} , or, second, to u®c onl} tiio'c strains 
of inbred mice that do well under Ins particular laboratoiy conditions 

CARE AND HOUSING 

In the fir«t place, it is cictrcmely important to maintain a colony 
of mice by them«elves and not m contact with any other species of 
animals In the second place no new animals should be brought into 



CARE AND HOUSING 


81 

aboratorj from any outside source If these tuo ideal cond.tmns 
ot be maintained, then the new mice from an outside oiirce 
Id be isolated from the mam colony for an adequate 
t quarantine before being introduced into the laboratory Most 
be difficulties m the maintenance of inbred mice come r 
ition of the above two iiilcs Even though the newly ■"tadu ed 
1 do not sbon any symptoms ot disease, they may 
nfectious organisms to \\hich they themselves may e p 
5 tant, but ^vhich ^^ould intioduee diseases into the colony to nine 
laboratory strains have no or very little resistance It is t o 
enence of the author that epidemics frequently occur as a 

he introduction of foreign mice . , ^ 

^’he inbred mice do ncll m a laboratory m whici le emp * 

1 humidity arc both controlled, although these 
solutely necessary except m those cases nherc a pe igree i 
am has been maintained for many years or genera 
ssible loss would be a severe blow to scientific research It 'vou d 
too costly to experiment nith uncontrolled conditions la co 
adequately controlled Mice do well at any rcasona e tempera ure 
3m 70 to 80® F The author is acquainted with one laboratory i 
inch the temperature was maintained at 85® F The 
ire IS to maintain an even temperature, avoiding ra ica c ange 
om time to time In the laboratory of the author the physical equip- 
lent for temperature control is not adequate to maintain an absolutely 
3nstant temperature throughout the year Therefore the tempera ure 
uring the winter is maintained at 72 to 74 F , which is pro a y 
httle high for ideal conditions, so as to average these temperatures 
utb the higher ones maintained during the hot summer mon is, w 
be apparatus used is adequate only to reduce the tempera ure o 
iummer heat to 76 to 78° F The temperature at which mice Simula 
M maintained depends upon the type of cage m which they are kept, 
im Item that will be discussed later If wooden boxes with open-wire- 
mesh covers are used, then the temperature of the room may e ep 
fewer than when an open-wire-mesh or solid metal cage is use 
Another reason for keeping the laboratory moderately warm is con 
'emence to the investigator If the mice arc comfortable, they wil 
not cover the young with nesting material, and it is easier for lo 
“dendant to see them The humidity should be kept between 50 an 
'f'f per cent This is a very difficult item to control, especially during 
‘'>e drj winter months m which the humidity ot the incoming air must 
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be .nerca^ed M ado., Male e.,u,pment K the hum.d.ti bccnrn^ ^ 

loM moic difficulty u illi pneumonia or Iicmorrliapc Icions of lung 

"'pcr"n''p'a the be=t box for the keeping of mice n a nooden one nith 
an open lurc med, cmer a- illu tmliil in figure 1 ^he box« am 
midc of V incJt jJhnctl knot free whMc pme measuring G b> 12 inclics 



(four pieces) and 6 bj 11 inches (three piece*) Tlic cut lumber can 
be obtained from an> lumber jard When assembled the box uith 
an open top con«ists of two equal compartments or cages Thej ®hould 
be painted with two coats of a paint not containing lead or nnj other 
matenal that ma> be detrimental to the health of the animal One 
coat should be a good intcnor flat paint the second coat a glo*s 
supreme The author U'cs Societj White Pamt (one coat eatin elite, 
one coat glo«s supreme) and has boxes which ha\e been in constant 
use for 15 jears with onl> an occasional repainting Some laboratories 
prefer to dip boxes into either shellac or a ami h or «omc combination 
of the tw 0 Other laboratories prefer to soak w ooden boxes in creo'ote 
In the cover there is inserted a small open ware hopper in which pelleted 
mouse food is placed The water bottle is laid on top of the cover 
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A bent glass drinking tube, commonly referred to as a goose-neck, 
IS inserted into the water bottle and held in place by a suitably bored 
rubber stopper The flow of water is controlled by a narrowing of 
the end of the goose-neck which is inserted through the top cover of 
the mouse box The tip of the dunking tube m the mouse bo\ should 
be near the hopper so that the mice have access to the water at the 
same time that they are eating the pelleted food through the open- 
mesh hopper If properly adjusted, there should be no dripping of 
the water on the bottom of tlie cage unless the bottle is Jiggled 

An ideal breeding box should contain one to three females and one 
male Mice under in\estigation may be kept five or six in a cage 
Any more adult animals in a box is conducive to overcrowding, which 
probably influences the experimental data being obtained For exam- 
ple, spontaneous breast tumors and spontaneous lesions involving the 
mucus-secreting cells just anterior to the pylonjs can be suppressed 
or eliminated merely by keeping ten or more adult animals zn a box 
Breeding mice may be kept together in the same breeding box, or the 
pregnant females may be isolated into individual boxes 
Boxes in which breeding mice are kept should be changed once a 
week, while boxes containing adult experimental mice should be 
changed twice a week As mice grow older they soil tlie boxes more, 
and consequently their boxes should be changed more frequently All 
boxes can be lightly scraped (witli a rubber spatula preferably) and 
then soaked for a short time in warm water to which has been added 
a small amount of creosote or some other standard disinfecting solu- 
tion The boxes arc then lightly scrubbed with lukewarm soapy water, 
after which they are rinsed m clear lukewarm water and piled upside 
down in a warm dry atmosphere for at least 24 hours or until they are 
thoroughly dry 

Clean sawdust or wood shavings (kiln dried) are then placed in 
each box to the depth of approximately ]/ inch A email amount of 
cotton batting is placed upon the ‘^awdust Some m\estigators prefer 
not to u«c cotton, but it is invariably the rule that when pregnant 
female mice arc preparing to ba\e joung they will make a dome- 
shaped nc&t of the cotton and will continue to keep their young in it 
for sc\eral days 'When cotton is present, many adult mice will also 
sla> under it fiom time to time The cotton may al«o scr\c as a 
protection against a radical retluction of temperaturo alien anything 
goes wrong with the heating npparatu's Gruneberg (1943) advocates 
the ucc of hav m«tcad of sawdust, shavings, and cotton He notes, 
however, that part of the ha> is eaten Another author ha« found 
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small nesting compartments of cardboard (ice-cream containers) help- 
ful in breeding especially for delicate types such as waltzers 

It IS commonly stated that paratjiihoid inevitably results if mice 
are kept m wooden boxes This is a misconception The author is 
aware of one colony of mice where the cages were never sterilized The 
colony had been in existence for several years, and it was one of the 
healthiest colonics of mice that he has ever seen Another colony in 
which the boxes had actually been soaked in creosote has shown many 
animals harboring paratyphoid For emphasis therefore, it “hould be 
kept in mind that a flare up of paratj'phoid is frequently due to the 
introduction of new mice into a colony from some outside source with 
out adequate protection by strict quarantine Another cause of para- 
typhoid may be found m the possibility that some mice m the labora- 
tory have been neglected This happens occasionally when students 
leave on vacations without making adequate provision for the care of 
their animals 

A general plan for a laboratory using a colony of mice kept in 
wooden boxes on suitable racks made of angle iron is given in figure 2 
Some inv c«tigator8 prefer solid metal cages The main reason given 
for the use of these cages is that they can be thoroughly sterilized by 
steam with or without pressure One difficulty of keeping mice m 
solid metal cages is that they do not raise their young well unless the 
temperature of the room is kept considerably higher than it is when 
wooden boxes are u=ed Another disadvantage of solid metal is that 
the acid urine of mice will corrode the metal and thus produce holes 
tlirough the bottom of the box Properly handled, a wooden box has a 
longer life span than a solid metal one 
It IS standard practice among modem nutritionists to maintain ex- 
perimental animals in screen bottom cages In theory this is to pre- 
vent coprophagy, a practice which furnishes the animal with an un- 
desirable source of numerous nulntional factors Cages have been 
devi'cd which greatly inhibit or completely abolish the animal’s move- 
ments and thus make it dilGcult or impossible for the mouse to have 
access to its unne and feces So far it has not been possible to main- 
tain animals in good health under such drastic conditions Wiietber 
this 18 due to the presence of unidentified factors in urine or feces or 
whether it is lack of exercise has not been determined 
The usual type of screen bottom cage (fig 3) used by nutritional 
inv e«tjgntors is casj to keep clean and has a relatively long life It is 
possible to mamtam mice in such cages m excellent health, not only 
during their adult lives, but also during the period of most active 
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growth. By introducing a piece of wire screen of somewhat smaller 
mesh than the bottom of the cage and placing on this a small quantity 
of shredded paper, it is possible to maintain lactating females and 
their litters (for a precise description see Fenton and Cowgill, 1947). 
Temperatures between 73 and 78° F. have been successfully used 



Fiq 2. The arrangement of a laboratory equipped with metal racks, and the 
wooden boxes for the mice. 

with this type of caging setup. For nutritional experiments it is usu- 
ally necessarj’ to maintain a single animal in a cage. Even so, it is 
essential to clean the cages once each week and preferably more fre- 
quently. A great problem which one encounters with certain typos 
of screen-bottom cages is to provide a constant supply of water. The 
investigator is confronted uith the necessity of compromising between 
a narrow-bore delivery tube which passes easily through the wire- 
screen front of the cage and a widc-bore tube which avoids the accumu- 
lation of a large air bubble in the tip of the tube. A little trial and 
error will determine tlie diameter of tubing and the angle at which 
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such tubing should be bent for best results. If available, a dish-washing 
niachmc such as is used in restaurants is of considerable help in clean- 
ing a large number of cages _ 

Some colonies of mice arc maintained in glass jars on top of whicli 
arc placed open-wire covers contaimng an open-wire hopper and water 



Fic 3 On tlie left Is a metal raclw equipped with suspended metal cages with 
open-mo«h Ixittonis, with tni}s containing eawdu^t or rolled paper On the right 
a balance suitable for the weighing of mice This system is more suitable for 
work on nutntion 

bottle. The advantages here are, first, that the glass jar can be ster- 
ilized, and, second, that every experimental animal in the laborator>' 
can be seen and examined by the investigator or an animal caretaker 
in a very short time. A disadvantage is the high breakage rate, par- 
ticularly when handled by animal caretakers. In 1940 the author 
tested out a mouse cage made of plastic. This cage had the advantage 
of gia'-s in that all the animals could be seen wnthin a very short time. 
It abo had the advantage over glass of not being breakable. It bad 
the di«ad\antagc that it could not be sterilized. Some of the newer 
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plastics can now bo sterilized, and tlicy arc being commercialized. 
Whether they will be successful for the care of mice o\er a period of 
tunc has not as yet been answered The initial cost to most investi- 
gators IS prohibits e 

In practically all the systems the open-mesh hopper for the use 
of pelleted food has replaced the older method of dropping the mouse 
food on the bottom of the cage When food is placed on the bottom 
of the cage, a certain amount of soiling, especially by urine, ensues 
When the hopper is used, there is less contamination with feces and 
urine, but contamination is not completely eliminated Certain types 
of pelleted food ine\itably get matted together wuth urine When the 
hoppers are periodically changed, tins matted food should always be 
discarded Tlie hoppers arc then soaked m hot water and dried for 
some time before being put back into use The contamination of food 
in the hopper can be partly eliminated by a hopper having solid metal 
sides with only the bottom or lower one inch made of open-wire mesh 

NUTRITION 

There arc numerous pelleted foods for mice on the market It is 
very probable that none of them is completely adequate for a colony 
of mice over a long period of time The mam difficulty is that very 
few manufacturers will guarantee not to change the ingredients from 
time to time The reason given for this is the fact that the manu- 
facturer tries to keep his product at a uniform price to the consumer 
When one ingredient becomes scarce and increases in value, some 
substitute IS made These changes are not always revealed to the 
consumei even though the use of the product probably enters into the 
results obtained Such changes may even interfere with the applica- 
tion of the strict rules of quantitative research in biology, where all 
variables in the experimental setup should be controlled This being 
the case, it is probably wise to supplement any pelleted food with other 
food materials 

The diet for mice that has been used by the author for many years 
will be discussed, and then variations from it will be considered 
Nunshmix, a product of the Pratt Food Company, Philadelphia, Pa , 
IS placed m the hopper twice a week A supplement of a mixture of 
wheat, oats, sunflower «ccds, and calf meal pellets is given to the mice 
(n small handful at least once a week) Mice in tlie breeding colony 
al«o receive a small piece (quarter slice) of enriched bread, soaked in 
fortified milk to which has been added medicinal cod-liver oil (10 cc 
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to a quart) The sliced bread is quartered on one da> and kept o^c^- 
mght The quart of milk is shaken and partlj poured o%er the bread 
Then the cod liver oil is added to the remaining milk shaken, and 
poured o^cr the bread Periodical^ frcdi lettuce lhoroughl> -narticd 
in cold running uatcr is given to the mice However, the u«e of lettuce 
18 usually not nccc'sarj Under this regime there is little likelihood 
of a dietary deficicncj The entire regime is probablj not nccc«=ar}, 
but with the maintenance of thirteen highlv inbred rtrains and the 
development of many new one** it is unquestionablj dc«irablc It is a 
matter of record that since the author has built hi« pre-ent laboratorj 
not a single strain of inbred mice has ever been lost Gruneberg 
(1943) has avoided the u»e of supplements of any kind, w ith excellent 
results MacDowells colony (sec Laancs 1D3G) u«cs inoi«t food 
given in daily allotments, without any water bottle The Hngedooms 
(1939) method is similar The chief objection to such food and feed- 
ing 13 extra labor, but it docs «a\c «pacc and no water containers arc 
needed 

Modifications of the dietary regime for mice are innumerable 
Many laboratories arc u«ing Laboratory Cliow Dog Chow, or Pox 
Chow, all products of the Purina Company of St 1 ouis Mo Thc«c 
are being u«ed with or without supplements One supplement that 
the author is acquainted with is a mixture of calf meal powder, wheat 
germ meal, and dned yeast held together by a small amount of cod- 
liver oil However, when this supplement was replaced by the mixed 
grain mentioned above the mice did considcrablv better Most mice 
w ill do well on any one of a large number of pelleted mou«c foods on 
a short time basis However it is well to bear in mind that if the 
investigator dc'ires his experimental mice to live two years or even 
more, then a careful checkup of the diet should be made before the 
mvcHigation is started 

It has been po«sible in recent years to design highly purified diets 
(in an approach to the completely synthetic diet) which permit excel- 
lent grov/th and ev en moderate success in supporting reproduction and 
lactation in highly inbred strains of mice The u^e of such purified 
diets IS of pnraary interest to the nutntionist and to the biologist 
concerned A purified ration which is as nearly complete as one can 
prepare today was reported by Fenton and Cowgill (1947) It has 
al«o been possible on the ba^is of newer nutritional information to 
prepare stock rations which improve the nutritional status of a mouse 
colony above that obtainable with most commercially available feeds 
Maintenance on such improved rations can considerably increase the 
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weight of the offspring at the time of weaning. Under excellent con- 
ditions a 21-day-old mouse should weigh well above 10 grams. 

For nutritional research it is probably best to place the diet in a 
container capable of holding rather small amounts of food designed 
to eliminate spillage. One device which accomplishes this quite well 
is the glass ointment jar of 1- or 2-ouncc capacity. A hole of %-inch 
diameter is cut into the jar top, and a circular piece of wire screen 
(4-racsh) is placed on top of the food in the jar so as to be able to 
sink freely toward the bottom as the food is consumed. The entire 
assembly is placed in a small glass beaker. Almost all the food spilled 
by the animal during feeding will fall into the beaker and will thus 
not be lost from the cage. The jar assembly without the beaker is 
weighed before being placed in the cage. It is weighed again together 
with the spilled food in the beaker 24 hours later, at which time a 
weighed jar with fresh food is supplied to the animal. By this ad- 
mittedly tedious method fairly accurate data on food consumption 
can be obtained. Much of the published work up to 1944 on the nutri- 
tional requirements of tlje mouse has been reviewed by Morris (1944). 

REPRODUCTION 

(With Section on Marking and Records) 

The young mice may be weaned at 21 days of age. They actually 
do better and in fact will live longer if they nurse their mothers from 
28 to 30 days. If a pregnant female is separated from the male, a 
second litter cannot be expected for at least 42 days, since the estrus 
period that the mouse has shortly after the birth of a litter is not re- 
peated until after her young are weaned. When the se.xes are kept 
together, a second pregnancy may be started within 24 hours of the 
birth of the first litter. The implantation of the eggs for the second 
litter is somewhat delayed, so that the second litter, instead of being 
born in 19 to 20 days, may take up to 26 days. One other advantage 
of keeping two or tliree females with one male is the fact that the 
mice will suckle each other^s young, so that if one female is not a 
good mother her young will be nursed by the other mothers in the 
same cage. However, when a female is separated from the male 
before the birth of her ofTspring, she will usually raise more young 
per litter than when kept wth the male and other breeding females. 
Gruneberg (1943) unqualifiedly recommends keeping a pair of breeders 
(male and female) together indefinitely. He states that up to 135 



00 TnEt\RFOFF\PiniMrNT\! MICF 

young from a female ha\c been produced tins un> The 

Lbo?ator5 houcxer routmelj rcmorcs pregnant females to .natcm.t> 

yards Such mormg maj result m errors of 
With a continuation of a pedigreed brother to sister mat g, 
easier to keep track of the offspring from a single female, 
two or three females are kept in the same box, thc> nnj p 

young within a few hours of each other 

Marking and Records At weaning age the mice «hould he indiN idu- 
ally marked and recorded in the ledger It should be noted that males 
can be kept ttgUber if started >oung except JK and perhaps other 
strains that manifest \iciou<!ne'=3 and cannibalistic tcndtncics r.e\cra 
systems of individual markingt> ba\e been u«ed such as (1) touc img 
picric acid or some other colored solution to \nrious part* of the 
mou®e (2) the amputation of one or more toes or (3) the U‘«e o 
punched holes and notches on the car« etc The u c of colored solu- 
tions applies onl> to alhmo or light colored mice This B>‘“tcm al o 
has the disadvantage that the di«tmgui«hing spots arc lost at each 
molt of the hair and must be Ihcrcfort ptnodicaU> renewed Toe 
amputation and car punches arc permanent The toe amputation 
Bjstcm 13 restricted b) the fact that nian> mothtrs arc cannibalistic 
and will amputate tads toes and feet of tlicir >oung during the nurs 
ing period The car punch system is by far the best *0 far dc\i«ed 
Variations of this s>stcm arc u«cd in different laboratories 

One tjpe that is frequently used was developed as a modification 
of a system devi«ed by Profcs«or W E Ca«tle of Harvard University 
many years ago This system recognizes three positions on the car, 
the front the middle and the back Jsumbers 1 2 and 3 arc produced 
by punching holes through the ear in the«e three positions with a 
poultry toe clip which may be purchased at any poultry supply hou®c 
numbers 4 5 and G arc produced by punching notches in one of the 
same three positions The notches may be produced by the same 
instrument cart being taken that only one half of the punching point 
is placed on the edge of the ear Scissors may also serve Numbers 
7, 8 and 9 were made originally by Professor Ca«tle with a peculiar 
combination of two notches The author could never remember thc®e 
combinations and consequently changed the original sy ®tcin to the 
following 7 two notches in the front 8 two notches m the middle 
and 9 two notches in the back of the ear Tens arc punches on the 
left ear units on the n^t ear Thus by a combination of punches 
and notches the numbers from 1 to 99 can be indicated by a fairly 
^ permanent system Ear punches are subject to error from mutilation 
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Where males are together, fighting may lacerate the cars Skin disease, 
parasites, and scratching may open punches into notches, and notches 
into bays oi iibbons lion ever, nitli a careful check of the serial 
number of mice, especially on the cards for individual mice, these dif- 
ficulties are not serious In fact, some mice tlmt liave been ear 
punched at weaning age mil continue to show clear or distinctive eai 
marks during their entire life span 
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Tia 4 A breeding sheet containing recordsi for mice 


Records on mice vary considerably, according to their purpose For 
«hort-term experiments, such as in nutrition or caicmogenesis, simple 
lists or card indices may suffice Much more elaborate systems arc 
needed for long-term genetic work An ideal arrangement is as follows 
At weaning age each mouse should receive a distinguishing ear mark 
which 15 recorded in a permanent ledger, providing this is not done at 
birth An individual card ^\ith the serial number of the mouse is also 
made out, on whicli should be rccoided all pertinent data obtained 
throughout the life history of the animal Female mice which are used 
for breeders may also be given a breeding sheet One of these is shov^m 
in figure 4 A third set of records may also be kept for each mouse 
Figures 5 and 6 shov\ one card containing data of modifications made 
upon an original card that was designed by W S Murray The data 
here arc such that they may be transferred to a card-sorting machine 
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«,th ke>cd pertinent .Utn With tin*' B%6tcm. .ii^cu-ed nlw^c, nil 
^cLouls arc m tnpheato. and tl.c clnncc of lo-.n, data on anv ^cn 
mdiMdual e^cn thougli Ihou-nnd-, niaj be raided in a «mglo >cir, 


^\cnd =5 stems of RUing 'em! n«mber« to mice arc in u“e Some 
inecstigators record tlic birth of a mw bltor together uitli i-erml num- 
bers m i pernunent ledger l««ok Other* gne ecrml number- at 



Fio 5 Records for each mou«c can l>c #i~eml led ns ehown \omtions from 


this «y«tcm can be u»c(l arrordmR to U e neeiU of the in% r«U(rUor 


v-eaning age, tshile in another laboratory senal numbers were not 
gieen to the mice until thea died With the tliird s>«tem there is n 
con«iderahle likehhotHl of errors erceping into the inecsligation 

It IS gcnerallj accepted that for quantilatnc research m biologj, 
when mice arc u«ed and reproducible rc«viU<» arc dc«irablc, one or more 
of the recognized inbred strains now in existence should be «clccted 
Most mee-stigators do notha\c the time to u«c this elaborate procedure 
of recording pertinent genetic data and in fact for manj in\ cstigators 
this IS unnecessary The rate of appearance of spontancou® mutations 
IS somewhere in the neighborhood of 1 m 26 000 mice When an 
in\estigator, therefore is doing a small investigation over a «hort 
period of time, the chances of this mutation process taking place, which 
maj disturb the results he obtain^, arc not v ery high In fact, very few 
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investigators vould use these large numbers in a two- or three-year 
program, consequently, it is only necessary for a tew laboratories to 
continue the laborious process of the continuation of the already 
established inbred strains and Oic development of new strains showing 
new biological characteristics With time, these pedigreed inbred 
strains become cvtrcmely valuable and if confined to one laboratory 
may be irrcplaccably lost by some unpredictable catastrophe. It is. 



Fia 6 This is the re\erse side of figure 5 , showing further data on each nmmal 


therefore, desirable to have these strains continued in several places, 
perhaps under the jurisdiction of some federal agency or cooperative 
arrangement 

Any in\estigator, therefore, who desires to obtain mice from one 
or more of these strains should be able to do so at any time He 
should be in a position to continue the colony thus obtained for a 
period of two or three >ears Hunng this time, if possible, but not 
necessarily, the colony should be continued by brothcr-to-sister mat- 
ings Pedigreed records of individual matings need not be kept Above 
all else, if tlic line is to be continued for any lengthy period it should 
be done by the non-introduction of mice of any other source This 
simplification of the tune-consuming process of a pedigreed brother-to- 
sistcr mating should not increase biological \ariability too much, and 
at the same time many more animals for an immediate investigation 
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could be produced If this colony however is separated too long 
from the original or ancc tral inbred «trnn then mutations w ill ev entu 
all) produce divergent subhnce For this reason the entire colonv 
<=hould be discontinued and a new supply from the original pedigreed 
stock should be obtained Tor the sake of u«ing Inghly inbred mice 
too many sublmcs of any inbred strain ‘should not be continued Is or 
should any of them be c( ntinued on a too large basis One well known 
strain exists in Ihirtj sublmcs each one of which i« distinct and has 
biological characteristics unique to il‘'clf Thisisverj confusing even 
to a geneticist and it must be even more ‘'o to other investigators not 
trained in this science 

A practice that deserves con<5idcration is the production of first 
generation (Fi) hybrids between selected inbred strains Tho«e fre 
quently are far «upenor to the parental strains m health fccimditj 
and longevity Moreover the animals of an> particular h> brid tj pc 
show as great uniformity as the inbrcds do T1 us the experimenter 
may contrast delicate tjpes with robust ones or emploj hybrid 
females as foster mothers and eo on Trom the genetic standpoint 
onlj the first cross is uniform so that subsequent generations outside 
of the science of genetics are not generally u«cful and in many in 
stances are quite misleading 

As a general rule it is better to experiment on mice m the laborntor> 
in which they were bom and raided However when an outside ®up 
ply of mice is nece«sary then care should be cmplojed in permitting 
the animals to become accustomed to their new cm ire nment As a 
result of shipment by express cspeciallj hr long distances mice 
undergo unpredictable physiological changes For example the colony 
of mice of the author has been transported in foto upon several occa 
sions Each tune the physiological characteristics of ‘‘ome of the mice 
have cl anged These unexplained changes influence the incidence of 
spontaneous tumors A\ hen a well known stock of mice showing spon 
taneous tumors of mammary origin was shipped to London the inci 
dcnce of spontaneous tumors was completely wiped out However 
after «everal generations of uniform laboratory conditions in London 
the incidence of spontaneous tumors gradually increased Recently 
the Strong CBA stock w as shipped from F,ew Haven to Salt Lake City 
by Dr T Dougl erty Upon arrival of the mice in Utah the lympho 
cy te count had diminished by 3000 per cubic centimeter \\ ithm a few 
mentis m Utah however uniform readings of blood counts could 
ogam be made 
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DISEASES AND PARASITES 

Experimental mice arc susceptible to many diseases Some of them 
such as paratyphoid are very serious In textbooks on the care of 
animals, particularlj’’ m the fine book of the Jackson Laboratory, The 
biology oj the laboratory tnouse^ there arc excellent chapters on the 
di'Jeases and parasites of mice Most of these the author has never 
seen, and if the rule of never bringing mice from an outside source 
into the laboratory before adequate quarantine is kept by all investi- 
gators working in the same laboratory, most of these diseases probably 
never will be seen One of the serious pests that perhaps carries many 
diseases to mice is the common mite (Lipoviyssus bacoti) It is 
extremely difficult, in the authoris experience, to control this pest. 
The system of running the cages and racks through the steam chest 
has completely eliminated the tropical rat mite at the National Cancer 
Institute The same procedure also eliminates bedbugs 
The best dusting powder for the control of the common mite consists 
of one part talcum ponder and one part pondered derns root to which 
has been added a small quantity of the detergent 2 B-dimctliylnaph- 
thalene Care should bo taken, however, to sterilize this dusting 
powder, since most of the cheaper talcum ponders on the market are 
contaminated with bacteria which may produce skin lesions in mice 
The dusting powder may be dropped in small quantities onto a group 
of mice huddled in the corner of a box or placed individually on them 
near the base of the tail In the latter case, the fingers should be 
drawn througli the hair on the dorsum tonard the head in order to aid 
the dusting powder in reaching tlie base of the hairs If too much 
dusting ponder is used, it creates a dust hazard which becomes a seri- 
ous problem, particularly in an air-conditioned laboratory Cock- 
roaches may be controlled by a periodic spraying of fresh pyrethnim 
Since the efficacy of pyrethrura diminishes rapidly, it should be re- 
placed every fen days Bedbugs may best be controlled by kerosene, 
house flics by flypaper or one of the proven innocuous fly sprays It is 
perhaps a very serious mistake to spray or paint a laboratory with 
some of the new insecticides before they are tested adequately on 
the animals that are being used All the vermin that arc bad for 
the health of mice can be controlled by methods which have been 
pro\en harmless, and therefore, new methods should be avoided until 
pro\en advantageous One should particularly avoid carbontetra- 
chloride and DDT in the mouse laboratory, as these are quite toxic 
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to mice In the control i f \crniin it n nl«o tuiwi'C to u«e hollow tile 
or other building mntcrnl m winch \cnnin nn propig itc Kicn when 
the laborntorj is di-mfcctcd it is txtrcniclj ilifficult to ilismfoct the 
hollow tile, and within a 'horl time the \tnnm arc hick 


sijGc.rsrioxs 

A few micccllancous notes Most of the (ulor from a inou«o roloin 
emanates from the clcining and <h«mf(ction of hoxi-* A sepinte 
room for this piirpo«c, with a \cntilating blower, will mitmniic odor, 
which otherwise mi> he icrx objectionable 
Certain items arc useful m the tnboraton di-«cctinR mslnimenls, 
disinfectant or boiling amngements, «oip and runmng water, pre- 
Ecrxativcs for specimens, and bottles, brcid pins with wire comp* 
u'cd for temporary linhhng and earning, a gas outlet for killing iniei , 
or a bun«en burner, «upplie« of tliunibtntk** m ianou« colors, ont or 
more large (5 gallon) gh«s jars or crocks in which to place mice fur 
ob«cnation during wcimng etc 
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INTRODUCTION 

Guinea pigs {Cavia porcellus), called cavics by the fanciers, were 
originally from South America. Their wild ancestors arc still to be 
found on that continent. The Indians of Peru keep some of the 
domesticated animals in their huts and use them for food. These stay 
under the stone sleeping-benches and are prevented from escaping by 
a low stone barrier placed along the bottom of the door (Castle and 
Wright, 1916). Some of these animals attain a rather large size 
(1S00± grams), which is probably the result of selection carried on 
by the Indians. 

Guinea pigs have been crossed with at least two wild species 
(C. nifescens and C. cutleri). It is only with cutleri that hybrids 
fertile in both sexes are produced, thus indicating that this species is 
probably the wild ancestor of our present-day domesticated variety 
(Castle and Wriglit, 1916). 

The following account of the care of the guinea pig is based mostly 
on my own 34 years of experience with these animals. Many practical 
breeders, raising them for laboratory purposes, use other methods, 
but, since most of these men remain in business a relatively short time, 
it may mean that in some respects their methods are inadequate. Also, 
they usually keep their animals in unheated buildings, which are 
maintained at somewhat above the outside temperatures in cold weather 
by means of the body heat of the animals themselves, and which on 
the other hand arc apt to be too hot in summer. 

Our animals have been kept in a laboratory heated to about 70® P. 
in winter and, when possible, maintained at less than 80® in summer. 
Experience has shown that temperatures consistently above 90® arc 
unfavorable, causing loss in weight and also abortions. 
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Even under fa\orable conditions, the mortality sometimes seems to 
be someiibat higher than one rvould expect, indicating there is still 
something to be learned about the care of tbc«c animal® There is no 
question, hmvever, but that the beginner can be ®aacd from some 
pitfalls bj profiting from our experience 


GUINEA PIG VARIETIES 

The fanciers clarify guinea pigs according to the length and the 
direction of the hair Tho'c animals with smooth, short hair (about 
inches in length) are called Engli«h This i® the most common 
aanety, and apparently is the one be«t adapted for laborator>’ u«c 
It comes m many colors, the mo«t common of w hich is probabl j tncolor 
(spotted black, red, and while) Other colors arc self black, «cU 
chocolate, «elf red, and self agouti (mid color) These colors maj 
also be combined ^ilh nhite «potting A second ^a^ct> is called 
Aby«smian In the«e animals the hair is short, but rough, radiating 
out from centers and forming what arc called rosette® The latter 
\ary in number, the most common being four A third \anety i® 
called Peru\ian The®e guinea pigs aUo base rough hair, but it is 
long (u«uall> about 6 inches) As a re®ult, the hair tends to protrude 
o%cr the bead as siell as over the po«tcnor part of the bod> The 
remaining sancty is u«uall> not exhibited at slions and is not gisen 
a di«tmcti\e name by the guinea pig fancier Hones or, it corre®ponds 
to the Angora \anety of rabbits, cats, etc , in basing long hair which 
lies fairly smoothlj o\erthe bodj, and does not have any ro®ettes 

REPRODUCTION IN GUINEA PIGS 

Guinea pigs are unique among rodents m ha. mg a relatively long 
gestation period Mice and rats carry their joung about 21 dajs, 
and rabbits about 32 days With guinea pig®, gc'-tation varies from 
62 to 72 da> s, 68 being the ino®t common The size of the litter affects 
the length of the gc®latiOD period Large Utter®, made up of five or 
more animals, are usuallj earned le®s than 68 da> s, while Utters con- 
taining onl> one individual ma> be earned the limit, 72 da> s Large 
Utters vMth five or more individual® usually have a low average birth 
\\eight (figs lA and IB) Some of the individuals m large Utters 
are weak, and ®ome are bom dead Others are in danger of freezing 
to death even thougti the temperature may be approximatelj 60'’ E 
'V ith large Utters the mother is unable to remov e enough of the amniotic 
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Figs 1A and IB A female shortly before and shortly after parturition Her 
weight on September 13, 1911 was 13lS;j grams On September 14 she weighed 
7911 grams, a decrease of 5272 grams Her litter on September 14 weighed 
4192 grams* or more than 50 per cent of her weight after parturition The foui 
males in the hlter a\erigcd ONnet!} 90 grams, while the weight of the onl> female, 
was 892 gnims Usuallj there n> about a 2-gram difference m fa\or of the males 
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fluid from the hair with her teeth and is not able to ho\cr o\cr all her 
young A number may therefore freeze to death because of tiic e\ap- 
oration of the fluid Placing the young tliat arc in danger of freezing 
near a radiator usually helps them to rcanc Induidimls in large 
litters arc generally handicapped, and some may die before they arc 
a month old The most "atisfactory litters contain three or four 
animals 

Because of the long gestation period the fetuses arc in an ndaanccd 
«tage of dc\clopment before thev lca\c the bod\ of the mother Their 
eyes are open 2 weeks before they arc horn (Ihecn 192S) Their body 
IS coNcred with hair and their teeth arc so well dcaolopcd that they 
can cat solid food from birth 

In a number of ea«cs the mammary glands were removed from the 
mothers before parturition (unpubh«hc<l data) The young were left 
with these females and most of them lived without receiving any milk 
whatever They were handicapped however, in that it took about 
10 days for them to regain their initial weight Tho«e aoung receiving 
their full supplv of milk arc al«o somewhat handicapped at first It 
usually takes 2 to 4 days for the newborn to regain their initial weight 
Those animals that did not receive any milk eventually caught up with 
the others 

The relatively long period spent ta utero al«o has an cfTcct on seicual 
maturity Our records show that «omc females were only about 20 
days old when they were bred by their fathers Under “imihr condi 
tions a fairly large percentage is bred before 30 days of age The 
males attain sexual maturity somewhat later They are usually at 
least 70 days old before they arc able to become sires, although they 
attempt copulation at an earlier age 
A healthy female comes in heat a few hours after parturition By 
keeping a male in the cage it is possible to have ns many as seven 
successive Utters each a gestation period apart A y oung female w ill 
continue to grow more or le«*» normally under these conditions if she 
13 well fed However «hc will not attain the same weight as a virgin 
female of the same age The chief difference is that the breeding 
female puts on less fat The estrus cycle is about 16 days (Stockard 
and Papanicolaou 1917) 

Unless special precautions are taken, it will be found that the aver- 
age production per female for the colony as a whole will tend to 
decrease as time goes on The reason is that an increasing number 

of females will have become either Btcnle or at least infrequent breed- 
ers f records are kept of the performance of each animal, a sure 
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remedy can be found The method we have used is to check the breed- 
ing record of each female If she has not had a litter during the past 
four months, and on palpation shows no signs of pregnancy, she is 
discarded 'SYc usually leave U\o females ^Mth each male If both 
have apparcntlj stopped breeding, the male as well as the two females 
are discarded This method not only increases the number of litters 
per female, but it also increases the aveiage number of young per 
litter It seems to show that regular breeders tend to liberate more 
eggs 

BIRTH WEIGHT 

Animals that weigh 40 grams or less at birth usually are weak, and 
a fairlj large percentage of them die Those weighing 60 grams or 
more (up to 140 grams) have a relatively good chance of survival 
Sometimes the extiemely heavy ones at birtli are sluggish and may die 
^lales on the average weigh approximately 2 grams more at birth 
than do the females In fairly large litters (five or more to a litter) 
there is usually a considerable difference m the birth weights of the 
individuals This has been shown to be duo to the degree of crowding 
Jn the uterus (Ibsen, 1928) Such differences m weight usually dis- 
'ippear as the animals become oldei 


MATURE SIZE 

Guinea pigs increase in body length until they are about 15 months 
Some individuals incicasc slightly m length after they have 
j^^ched this age Although there is usually only a slight increase in 
ody length, there is more variation in body weight Both the increases 
and the decreases in weight after the animals have reached 15 montlis 
age are due to either the gam in or the loss of body fat Because 
of increases in body fat some animals attain their greatest weight 
^hen they are 3 years oi older Others may lose most of their fat 
as a result may weigh much less at 3 years than they did at 15 
Months 

^ klature females vary in body length (stretched out) from about 
*• cm to 32 cm Males vary from 30 cm to 35 cm The bodv weights 
^ mature females range from about 700 grams to 1300 grams Alature 
iGOn^ weigh at least SOO grama and ma> weigh as much as 

0 grams Fanciers state thej have produced males that wcirIi 1800 
grams 
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LACTATION 

Oiiineo p.,s u.,a,b ..o^c niaimnoc ^ 

=»i=f3Hp:=S= 

35S=SrH« 

on tl.c amount ot milk produced be plncnB tbe 
with the litter in an emptj box ami ucicbinK the nn j 

alter the milking period As might lie e\|«;ctcil, funnies e nrj in regnr 
Ttbrnr milking” Lpaeity It «as estimated .hat the bc=t indiaidr 
examined produced as much milk per hoda ueiglit per daa as n tairlj 
high producing Tcr^cj cow 

It diould bo noted Hint bj the lime the mutlicr is through Iiirtii hing 
milk to her httcr some ol the (emale« m the litter nrc alrcad> able 
to reproduce 


•NUTRITION 

Guinea pigs differ from other rodents and from mammals m general 
(except man) in requiring a rclatuclj large amount of aitamin 
This IS furm«hcd in frc'-h green feeds «uch as alfalfa clo\er, and blue 
gra«s The C Mtamm is al«o found m cabbage® lettuce, carrot tops, 
and sprouted oats Cabbages ®hould lie fed spannglj at first, otber- 
wise some of the animals may go off feed and die Sprouted oats are 
usually fed during the winter months one reason being that thc\ grow 
be«t when the temperature is m the neighborhood of 75® F Our 
method of sprouting oats will be described m a later section Both 
the tops and the roots of sprouted oats arc eaten bj the animaU 
However, they do not take to this feed very roadih It is therefore 
advisable to feed it with other green feed for about two weeks "Voung 
animals especially may be unwilling to eat it and as a result die of 
scurvy 

Guinea pigs require a relatively large amount of roughage in their 
feed It IS therefore of advantage to keep them well supplied with haj 
Our animals get alfalfa ha> coarsely ground in a hammer mill It is 
moistened w ith w aler (2 quarts to 6 pounds of ha> ) , the reason being 
that this prevents the feed from being dust> Dry, powdery fc^^d 
IS not readily eaten by guinea pi^ Alfalfa is high in calcium and 
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\itamm A Clover hay is probably satisfactory, but we have not had 
much experience with it Prairie hay, however, has been found un- 
satisfactory, probably because it is low in both calcium and vitamin A 
The “gram” mixture fed consists mostly of ground oats (passed 
through either a or % 2 -mch mesh of a hammer mill) If it is 
fed much coarser, some of the animals will not eat the oat hulls To 
every 100 pounds of giound oats are added (and thoroughly mixed 
in) 11 pounds of a mixture containing the following 


Bono meal 

1 5 

Skimmed milk powder 

I 5 

Soybean meal 

2 0 

Meat tankage 

2 0 

Wlicat shorts 

2 0 

Cottonseed meal 

2 0 

11 01b 


In winter especially, 2 ounces of irradiated dry brewer’s yeast 
(9F, 9000 units of vitamin D per 1 gram of yeast, sold by Standard 
Brands, New York) are added to the 11 pounds of the mixture It 
should be mixed in thoroughly because of the extreme potency of the 
vitamin D content The vitamin D, the vitamin A m the alfalfa, 
and other ingredients of the feed, and the calcium m the alfalfa, bone 
meal, skimmed milk powder, etc , not only aid in bone growth, but 
build up resistance to colds and pneumonia (Ibsen, 1927) 

The proportion of the ingredients in the 11-pound mixture has not 
been arnxed at scientificalfy, but it is the result of an attempt to add 
various proteins to the feed without having enough of some of the 
ingredients (such as meat tankage) to affect the palatability 
The gram ration also is moistened before being fed We haxe 
found that 1 quart of water is sufficient to thoroughly moisten 8 
pounds of the feed The lumps that form as a result of the moisture 
should be broken up to some extent 

If possible, the moistened feed (both the hay and the grain) should 
be fed within 12 hours In hot weather cspccmlly there is a possibility 
of it souring if it is not spread out thin oxer niglit 
AUhougli y>oth kind® of feed arc moistened, and tliero is a large 
percentage of water in the green feed, it is advisable to keep drinking 
water axailablc to the animals at all times The water dishes should 
he kept reasonably clean Some guinea pigs liaxc a habit of dcfccat- 
'og in the water di'^h, and manj of them drop feed into it 
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Some breeders =tate that they can furm=h enough rvater for their 
animals by means of the feed keeping it well moistened and b> feed 
mg a good supply of green feed We ha\c ne\er tned this method 
We find that in the hot summer months e«peciall> the green feed 
tends to become dry and that during the«e months the animal® drink 
a very appreciable amount of water On \crj hot days they cither 
come in bodily contact with the earthenware water dishes or place a 
leg and as much of their bodies as possible directly into the water 
Method of Feeding Guinea pigs nc%er eat very much at a time 
but they eat often Therefore it pays to keep feed before them most 
of the time or about 20 out of e\ery 24 hours If possible it is desir- 
able that the feed di'hes be empty m the morning The morning feed 
should be enough to last the animal all day and in the late afternoon 
only enough should be added to keep the animal going mo=t of the 
night If there is feed left in the dish in the morning the morning 
feed should be light in order to m«ure it being cleaned up by evening 
Keeping the feed di«h full all the time is about as objectionable 
as keeping it empty most of the time 
^\e have kept no records m regard to the weight of the feed given 
each animal One learns to judge by expenence Our method has 
been to gl^e each animal the amount of grain that can be held 
between the thumb and the first three fingers This amount will vary 
w ithm fairly w ide limits but it is usually sufficient to keep the animal 
supplied for about a day The «amD method is u®ed m feeding the 
ground hay A larger \olumc of hay can be held in this manner 
Tiic green feed is placed directly on the floor of the cage The num 
her of animals in a cage may \ary and the method used is to give 
enough so that it will take three or four hours to clean it up It is 
surprising how much green feed can be consumed Some of it will 
drop through to the pan underneath but it i« a relatively small 
amount Lawm clippings would not be \ery satisfactory as green feed 
when fed this way because too much would drop through 

Salt spools arc hung in each cage and in such a manner that they 
readily rotate on the wire tlirou^i the center By allowing free rota 
tion there is lc«s «alt wasted 

Sprouted Oats Sprouted oats are usually fed through the winter 
months wlen other green feed not a\ailable Green feed grown 
outdoors is preferable if it can be obtained Some breeders with 
relaluely small colonies are able to keep tl cir animals well supplied 
tlm ugb tl c winter months by feeding tl cm green feed obtained free 
of charge from grocery stores Tins con«ists of the outside lca>es 
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taken from lettuce and cabbage and of carrot tops. Care should be 
taken not to feed anything that is partially spoiled. It is also advis- 
able to wash the green feed before giving it to the animals. 



Fra. 2. An nll-raclnl onts sproulcr with twonly-cicht of its thirtj-tno pons m 
placo. Tim rack is so constructed tl.at two additional pans may bo placed on 
the vety top, making the total number of pans thirly-four. The pan (or pans) 
containing the newly soaked oats is placed each day in the upper compartment 
at the reader's right. Each succeeilmg day it is moved fur her donm till it 
reaches the bottom. Then it is moved to the top of the render s left. The plan 
is alnays to have the newer oats above the older oats to avoid contamination 
from the drippings. If the two topmost places are ii"ed for p.ans containing well- 
sprouted oats needing artificial light to green tip the tops, each of these pan. 

should have a solid-bottomed pan underneath to prevent contamination. 

When green feed of this kind ennnot be obtained readily or in large 
enough quantities, it is usually neecssara- to feed sprouted oats One 
objeetion to tlie latter is tliat it usually takes several weeks before 
the animals cal it readily, and the second objection is that a certain 
amount of c<,uipmenl. space, and skill, is neeessar)' to produce it. 
Al-o, it grows best in a temperature of aliout <o F. 

Tlie oats arc sprouletl in metal pans 2 feet square and 2^^ inclie,s 
high (figs. 2 and 3). Each pan is perforated with round boles about 
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y, .nch across and about 2 mches apart It takas 

iy. pounds of drj oats to make a Ml pan of sprouted oats A pan ^ 

sprouted oats reads to feed neighs about 16 pounds, dcpendi g P 


Kcte All liaming is ol I'xlV' angle iron All loints vreWcd 



Fig 3 Dimensionfl and directions for the production of an oats sprouter amilar 
to the one shotm in figure 2 


the amount of water present, and takes approximately 10 days to 
produce It tsill fumi>h green feed for 1 daj for about fifty animal® 
It IS ob\ jous that if one plans to feed a pan of sprouted oats dail> . 
It becomes m-ce««ar> to start a batch each day. The first step 



SPROUTED OATS 

IS to soak ay, pounds of the dry oats for 3 or 4 m a plentiful 
supply of ivater The excels nater is then drained off and the oats 
plLed in a pan, having them cover only about one-half 
tom It they are spread over the entire bottom of the pan. they will 

lose too much of their moisture u i- on 

FinsT ntv After the oats have been in the pan tor about 20 hours 
they are mixed thoroughly by hand, allowed to cover only about one- 
half of the bottom, and then natered and placed back m the rack 
SECOND DAX Tho ncxt day the proecss is repeated, allowing the 
oats to cover slightly more of the bottom of the pan 
THmn DAX About the same as the second day 
FOUHTH DAX By this time each oat should have a tiny root and 
the beginning of a top, and would therefore occupy more space After 
being stirred tboroiighly by hand, the oats should be spi cad oyer the 
entire pan and watered From this point on they are left undisturbed, 

and only watered , i . 

FIFTH, SIXTH, AND SEVENTH DAXS Growth Continues, and each suc- 
ceeding day more nater is needed to keep the plants supplied By 
the seventh day it becomes necessary to allow more room above the 
pans because of the growth of tho top , , . , , 

EIGHTH, NINTH, AND TENTH DAXS TllC topS sllOUld be 1 inch OT mOrO 
in height on the eighth day At this point we usually place the pan 
on top of a cage and under a bright light, leaving it there continu- 
ously till the tenth day Each day it should be watered thoroughly 
On the tenth day the tops should be a fairly intense green, and should 
be 4 or more inches long The roots should be fairly well matted 
and almost -white in color 

Chunks of these sprouted oats are tom out and placed on the floor 
of the cage The animals, when they become accustomed to them, 
will eat the roots as well as the tops Both contain vitamin G (Bogart 
and Hughes, 1935) If after 24 hours there are still some sprouted 
oats left m the cage, they will be found to bo dry, and brown in color, 
and should be discarded 

After the sprouted oats have been fed from the pan, the latter is 
bru'^hed ^\lth a 2 per cent coal-tar disinfectant vhich is allo-ned to dry- 
on the pan 

In «pite of all precautions one -vmU occasionally get a supply of oats 
^hose roots become mold> or slimy before it is read> to be fed Our 
experience has been that such oats ha^c become infected in the field 
Up to the present ha^c found no satisfactorj treatment for this 
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condition Every chemical used that was poucrtul enough to prevent 
the infection also killed or at least greatly retarded the oats. 

If it IS desirable to feed two or more pans of sprouted oats a day, 
it becomes necessary to modify the above proeedure slightly during 
the first fen days Enough tor two pans, or 7 pounds of oats slioulU 
be placed in one pan for the first 3 days, and on the fourth day tiall 
of the contents of this pan 
should be put into another and 
left undisturbed, except for 
watering, from that time for- 
\vard. 

Since producing good sprouted 
oats is a continual process re- 
quiring 10 days, it becomes 
necessary' to follow some plan 
consistently. The method sug- 
gested here is 08 folloi^s; After 
I the contents of the ten-day 
pans arc fed, the pans, as pre- 
viously stated, arc disinfected 
and placed in rcser.’c. The 
nine-day pans arc then thor- 
oughly Nsatered and placed in 
the location previously occu- 
pied by the ten-day pans (they 
are not watered on the day 
they are fed). The eight-day 
pans are watered and moved 
to the nine-day position, etc , 
until finally there is a vacancy 



Fio 4 A unit containing ten cages As 
shown, the bottom of each cage is entirely 
of i/^mch wire cloth The plans for this 
unit are shown in figures 5 and 6 


until nnaiiy tnere is a vaouuv,? 
for the pan or pans containing the oats that have been soaking for a 
few hours 


CAGES 

AU-metal cages mth wire-mesh bottoms are advocated (figs. 4, 5, 6, 
7). The first cages t\e made had ^4*i*ich wire cloth bottoms m order 
to prevent the newly bom animals having their “elbotvs” caught in 
them. This proted unsatisfactory because the feces of adults did not 
pa=s through readily, and usually formed solid masses in the floor of 
the cage The newer cages are so constructed that the entire floor is 
made up of %-inch mesh. It is found that if the animals are born on 



CAGES 


too 

such floors they usually arc able to avoid being caught in them. 
When they arc caught, they can be extricated by bending the lower 
part of the leg against the upper part. The big advantage in this 

Note. Use 24 gage Note. Cage may be partitioned 

sheet tin Lap edges, Into four compartments 

lap corners and rivet by placing door at both 

ends 



Tia. 5, Dimensions and specifications for building a single cage, a feed dish, and 
a pan to go under two cages 

type of floor is that only in very rare cases do the feces fail to pass 
through. 

AU-mctal cages with snug-fitting doors prevent mice from enter- 
ing. Guinea pigs pay no attention to mice, and the latter, if given a 
chance, will befoul the feed, making it unpalatable to the guinea pigs. 

The feed dishes also arc all metal (figs. 5 and S) and are liung on 
the door of each cage, thereby making it more convenient to put the 
feed into them. 
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T^o types of ctiROs arc u Cfl One In' eimll compartment*’ for 
single indiMduals (fip« 8 and 9) Tliorc art four fuch romp ‘rtments 
to a cage with a door on two •’idc®, and ten cages to a unit The 


Ho'e An framing is c( I*"!*! 
angle iron eicept cenier hangers 
tkhchare >’J' 

AH |0 flts welded and buffed 

Top Vew 



other tjpe of cage is the same sue ns the first, but it is not di\idcd 
into compartments and has only one door There arc either fi\c 
(fig 7) or ten (figs 4 and 6) such cages to a unit Facli of thc«c cages 
for a male mated to two females 
If the litters bom in tbc^c cages are not too large (fi\e or more), 
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they are left with their mothers until they are about two months of 
age In this type of cage two feed dishes arc hung on the door 



7 Specifications for building a metal rack to hold fi\c guinea pig cages 
DISEASES 

If proporlv fed, guinea pigs seem to be resistant to most diBcaec®, 
cspccmllj to tho«c that attack the lungs and na=al caMtics (Ibcen, 
1927) Proper feeding, ho\\c\cr ina\ aggrn\atc mtc'^tinal tract dis- 
tJaecs Such a di«ca'sc \\ns inlrotUiccd into our laboraton. some 
stock bought about six jearb ago It was not recognized as such until 
had spread tlirougli t!ic entire colonx of about 100 animals At its 
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duKlp .1 mtn ° ^ fontainmR ton cages each of which has been eiib- 

Somp of fi n ^O'^’partments making a total of forty comrnrtmcnts to a unit 
on the doors tIT open >« order to show tl e metal feed dwl es hanging 

and the oth« subdivided mto two parts one for the gram 

between the CO ® ground lay Salt spools are shown hanging on the partitions 
m evidence X"* T'** oarthenware water di«hes arc 

cages -where thp s*^ >9 preferable but the larger size has to be used in 

a .Mf. can .l,o be «.» on the Boob, ol aome ot the compartaieota The. 
type of cage la u«ed mostly for males 
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SHIPPING GUINEA PIGS 


5 ht as many as ten animals would be found dead in one day. All 
wed the same symptoms, an inflamed intestinal tract and the pies- 
e of tremendous numbers of the protozoon Balantidiuiri. All 
med to die suddenly. It was not established that Balantidium 


1 the causative organism. The 
Js of all affected animals re- 
ined hard. To prevent the 
ead of the infection all the cages 
re modified to the extent that 
I bottoms were entirely covered 
h ^/^-inch mesh wire-cloth, and 
re frequently brushed with a 2 
r cent coal-tar disinfectant. Sev- 
d remedies were tried with only 
rtial success. By far the most 
tisfactory is a patent medicine 
commended for controlling coc- 
diosis in poultry, Ren-o-sal (Dr. 
dsbury’a laboratories, Charles 
dy, la ) . It is added to the water 
sed for wetting the feed, and has 
cen administered continuously for 
number of years without any 
oticeably bad effect from the ar- 
cnic. No deaths are occurring 
fom the disease 

deaths due to other causes 
' nton, 1949) happen sporadically 

our colony, but there is no evi- 
ence that any of these causes is 
’^ngerously contagious 

shipping guinea pigs 



Fia 9. End view of the cage shown 


At otdinnr,. . . .1 “ figure 8 The animals may seem 

sliould I ^ temperatures there „ro„jed. but n.lli lids type of cage 
d be no difficulty in shipping they remain clean and healthy. 
Provided the shipping 

in! covered tvith about nn inch of wood sliat - 

Encli animal sliould liave just enough room so that it is able 
tJi "'•bfortably. TIic crate should admit plenty of air. Enotig i 
^ flionld he placed in tlie crate to last until the nnhnnls reacli tlicir 
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clcstiiiation Carrots \\itli their tups nltaclicd «ill fumi'Ii both 
ami \vatcr A biinll amount of hij is ftl«o acl\ liable One pood fea- 
ture about guinea pig-< so far fchippmp is concerned i- tliat tliouph 
thej arc rodents tliej wdl not attempt to gnaw their out of the 
shipping crate 

In ^cr) cold ucathcr there Fhoiild be shghtU more i\ood shaNinps 
on the floor of the crate The animals can be crowded to n greater 
extent In order to help keep them warm o large (piantitj of prairie 
ha> should he stufTcd into the crate If the lia> is alfalfa or clo\cr, 
thej ma> cat it Besides prairie lm\ is inorc flulTj than the otlicr 
kinds and the animals arc more wilhiip to sta\ iindtr it for protection 
from the cold Carrots without their tops, arc more suitable for 
feed in acr> cold weather 

In hot weather with the temperature m the nciphborhoml of 00® T 
a dilTcront procedure should lie u«cd The wood phaMiigs Fhould be 
soaked in water for ecacral hours and then drained and placed two 
inches thick on the floor of the crate ehorti) before the animals arc 
placed in it Each animal should be allowed more room has 
should be put into the crate, and a fairlj plentiful supplj of carrots 
wath their tops removed should be used for food We linvc found 
from experience that a large percentage of a shipment will die in 
very hot weather if the animals art kept cntirelj drj and covered 
with hay 

CHARACTERISTICS 

Guinea pigs are um<|uc in a number of rc'^pccts Unlike other 
rodents such as rats and mice, thej are unable to climb This is 
convenient in that it tends to keep the sides of the cages clean Be- 
cause of their short small legs and comparativclj hcavj bodies they 
find it difficult to ]ump Therefore it is possible to keep them in pens 
with fences only about 2 feet high without danger of their escaping 
For the same reason they can be safclj earned in open top wire 
baskets about 18 inches high 

They are timid in their relations with man some more so than 
others The very timid ones will make desperate attempts to free 
themselves when held, and as a result one’s hands maj be scratched 
A few m desperation may even bite if they are given the oppor 
tunity The less timid ones will be relatuelj docile if tliej are held 
correctly There is a tendency for the beginner to hold them too 
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tiglitly, under which conditions all of them will squirm (figs. 10 


and 11). 

The males especially are not timid in their Tclations with each 
other. If two adult males are placed togetlicr, they will attempt 
copulation with one another. Apparently they cannot distinguish 
the sexes by smell After a relatively short time one will resent tlie 


attentions of tlie otlier and will 
fight him off. This leads to a bat- 
tle, and one of the two is always 
vanquished. Trom then on, he is 
the underdog. The posterior part 
of his back will be partially devoid 
of hair, and the skin will bo covered 
with small cuts If records have 
been kept of his weight, it will be 
found that he weighs considerably 
less than he did at the tunc he was 
placed with the other male. For 
this reason males that are not being 
used for mating are maintained m 
individual cages (fig S). 

Females usually do not fight each 
other, but there are e.xceplions. 
Occasionally one will attack the 
others in the cage, causing them to 
squeal and to make desperate at- 



Fiq 10 A saUsfactOTy meUiod of 
holding {V guinea pig — tlie two-hand 
method The animal rests comfort- 


tempts to escape The tumult will obly on the lower hand. Squeezing 
subside as soon as someone looks with the upper hand should 

into the cage, but the guilty indi- avoided 

vidual can be detected as a rule by the presence of haiis in her month. 
Experience has shown that this sort of thing is not temporary. One 
v.ay to remedy it wouid be to remove the offender and place her 
in an individual cage. The other method, which is the one we use, 
is to break off nith a pair of pliers the two lower teeth of the 
offender. 


If a cage contains several feraaies, it will be found that they usually 
resent a new arrival if it also is a female. One mctliod of keeping 
peace is to saturate the belly and back of the new arrival with a coal- 
tar disinfectant. The smell acts as a repellent The treatment «J*o 
‘should be effective in preventing the spread of disease. Similarly, if a 
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female is placed in a cage containing a male and another female, 
the latter will resent the intrusion The coal-tnr treatment is effective 
also in this case Another advantage is that it delays and calms down 
the attentions of an overzealous male. 

Guinea pigs arc noisier than other laboratory rodents. They squeal 
when they think they arc to be fed. They are very sensitive to sound 
and hear the slightest rustle of green alfalfa, etc. If they arc verj' 
noisy at feeding time, and especially at other times, it is usually a sign 



Fio. 11 E^ en a large animal may be held id one hand It is resting on the hand 
The holder's thumb w partially visible above the animal 

that they either are being underfed or have an inadequate ration. 
If a bunch of keys is rattled, there is a sudden scurrying, followed 
by a dead silence. If the rattling is repeated, it is followed by a low' 
murmuring from what seems to be the entire colony. One gets the 
impression that the low murmur is intended as a warning signal. 

There is a popular belief that guinea pigs w’ill kill wild rats and 
can therefore be used for rat eradication. Quite the reverse is true. 
Rats will kill young guinea pigs by biting a hole in the throat and, 
apparently, sucking the blood. Mature guinea pigs are attacked in 
the same way, but they do not die. Dogs, especially terriers, w’ill 
kill guinea pigs if given the opportunity. Cats may cat the young 
animals, especially if they themsehes are nursing a litter. 
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viduahty of the operator, and, last but not Ica^t, funds available 
The cheapest building materials are those pro\idcd by nature for free- 
ranging mammals, le , the Good Carth and that Vihich grows thereon 
The aforementioned, hov\e\er, is impractical for indoor use, and man 
again is forced to improMsc The superiority of natural burrows over 
man-made shelters is debatable, and, morco^er, a\ailable statistics 
do not indicate that the former arc preferable It ha«, nc\crthcles', 
been demonstrated that caging conditions simulated to represent natu- 
ral burrows have resulted in satisfactorj reproduction (Schneider, 
1946) 

Through succeeding generations, the animal becomes acclimated, 
and after orientation an e\olution m caging takes place, thereby 
simplifying housing The adaptability of the hamster hastens this 
process and permits the fabricator to adapt his construction to a 
\anety of materials, such as wood, metal, asbesto;-, or compositions 
The various species of mammals require caging sj’stcm** that are 
peculiarly suited to their mdi\idua1ities Wild animals or animals 
that are not man> generations descended from their uninhibited 
ancestors require quarters containing a darkened or scmi-darkened 
section that will gue them some feeling of security There are almost 
as many tjpes and sizes of cages m u«c as there are animal colonies 
Laidlaw (1939) reported the uee of a cage measuring 15V^ by 9 by 
8^ inches Bruce and Htndic (1934) base successfully rai«cd ham- 
sters in cages who«e dimensions were 20 by 15 by 6 inches and which 
contained a dark portion 15 by 5 by 5 inches 
Upon arri\al of the first group of hamsters at the National Insti- 
tutes of Health they were placed in a two compartment cage (Policy, 
1941), one compartment of which was darkened A small wooden 
box was installed for nesting This cage is similar to the one designed 
by The Wistar Institute (Greenman and Dulinng, 1923) for caging 
white rats A wooden cage was selected because it was felt that ani- 
mals are much more comfortable m quarters of this nature Varia- 
tions m temperature are not readily transferred through wood 
Howe\er, this cage was found impractical because of the hamsters’ 
predilection to gnawing wooden objects After expending time and 
energy m recapturing escaped animals, and costly repairs, it was 
decided to resort to gaUanized sheet metal A simplified metal cage, 
of the same dimensions as the onginal cage, was adopted, and the 
hamsters thrived therein Gah anued sheet-metal nest boxes w ere also 
pro^^ded but were discarded after a short tnal period It was ob- 
ser%ed that these metal boxes tended to “sweat” during excessive 
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humidity, and many of the females were casting and rearing their 
litters outside of the nest boxes The nest boxes 'were discarded for 
all time, and the darkened portion of the cage eliminated With the 
admittance of light to all parts of the cage and the ability to survey 
happenings outside, it ■was found that the animals became more 
tractable and displays of irritability became rare 
A shortage of breeding cages at one time, necessitated the use of 
a nutritional tjpe of cage for maternity purposes These cages had 
hardware cloth for bottoms and although nesting materials weie pro- 
vided, the females invariably devoured their young Aftei too many 
sad experiences of this nature, it was decided to discontinue the use 
of nutritional cages and a small rabbit cage measuring 14 inches high, 
14 inches wide, and 16 inches deep was used for breeding and rearing 
purposes in order to conserve space White pine sawdust was used as 
bedding, and it was also determined that nesting materials were un- 
necessary The docs would unconcernedly scoop out a depression 3 
inches in diameter, towaids the rear of the cage, deposit their litters 
tliorem, and apparently -very happily go about tlie business of raising 
a family without benefit of cover 

Two factors influenced the decision to discard the rabbit cage as a 
breeding unit Primarily, the licight of the cage was too great in 
proportion to the dimensions of the animal Secondarily, the door 
wa« lunged on the side and constructed of wire Because of the climb- 
ing propensities of the hamster, very often, when the door was Iiur- 
nodly opened, an animal would ride out and drop to the floor After 
a period of trial and error, the design of cage shown in figure 3 was 
adopted This cage is of the shoe-box type but, as an added feature, 
contains a pan It measures 14 inches wide, 7 inches high, and 22 
inches deep The cage pan width and depth arc c«!=cntiall> those of 
the cage but reduced sufTicicntlj so as to allow a comfortable fit The 
height of the cage pan is 2 inclics Ventilation is provided b} the 
perforations through the sides and the hardware cloth top The 
latc‘*t models arc con^strueted of 0 0G4 gauge, VI hard aluminum At 
tijc prc'.cnt tunc, tlicj liaic been in u«c onlj two months, and com- 
|)lclc information is una\ailab!c as to the durabilitj of this metal 
when u«cd for this jiurpo'c Thcorcticallj , it «houId outIa«t gal\an- 
ized sheet metal The perforations in the ‘^idts alco facilitate water- 
ing as nn\ one of them nn\ scr\c as the entrance for the gln«s tube 
Peed rcccptnclc'! are not proiidcd as the ham-tor will poucli food 
pirticlo- and dq>o-it lijcm wherc\cr it ‘■o dc«irts This cage is \er\ 
riwrmtnt for all pur|jo*e-. in that it ma\ -one as a breeding ca^c 



lUtntional type of cage for maternity puiposes These cages li 
rdware cloth for bottoms, and although nesting materials weie p 
led, the females invariably devoured their young After too ma 
1 experiences of tins nature, it was decided to discontinue the i 
nutiitional cages and a small rabbit cage measuring 14 inches hi 
inches wide, and 16 inches deep was used for breeding and rear: 
rposcs in order to conserve space White pine sawdust was used 
dding, and it was also determined that nesting materials were i 
cessary The does would unconcernedly scoop out a depiessior 
dies m diameter, towards the rear of the cage, deposit their Iitt 
erein, and apparently very happily go about the business of raisi 
family without benefit of cover 

Two factors influenced tlic decision to discard the rabbit cage a; 
■ceding unit Primarily, the height of the cage was too great 
■oportion to the dimensions of the annual Secondarily, the d( 
as lunged on the side and constructed of -wire Because of the oliir 
ig propensities of the hamster, very often, when the door was In 
cdly opened, an animal would ride out and drop to the floor Af 
period of trial and error, the design of cage shown m figure 3 v 
dopted Tins cage is of the shoe-box typo but, as an added featu 
Diitains a pan It measures 14 inches wide, 7 inches liigli, and 
idles deep The cage pan width and depth are essentially those 
lie cage but reduced sufficiently so as to allow a comfortable fit T 
.eight of the cage pan is 2 inches Ventilation is provided by 1 
lerforiitions through the sides and the hardware cloth top T 
atcst models are constructed of 0064 gauge, V- hard aluminum 
ho present time, they have been in use only two months, and eoi 
ilctc information is unavailable as to the durability of this me 
ihcn used for this puriiosc Theoretically, it should outlast gaha 
zed sheet metal The perforations m the sides also facilitate wati 
ug, us any one of them maj serve as the enliancc tor the glass tube 
Peed receptacles are not pruiidtd, as tlie hamster will pouch fo 
pirtieles and depo-it them wherever it so desires Tills cage is ic 
cimvement for all purpo-es m that it may servo as a breeding ca; 
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maternity pen or stock cage In the last case, eighteen young ham- 
sters or twelve adults may be accommodated very comfortably The 
cage top may be removed or slid back for inspection of contents 
Figure 4 shows a section of these cages in position A floor space 40 
inches wide by 22 inches deep is all that is required to contain a rack 
of 16 cages housing 192 to 288 hamsters This spacing includes 
allowances for water bottles and aisles between racks 



Fic 3 Latest model of hamster cage 


Environmental temperatures exert some effect on warm-blooded 
animals (Mills, 1945) Recommended year-round temperatures for 
hamster raising range from 70 to 80® F It is suggested that opti- 
mum humidity be in the neighborhood of 50 per cent or equivalent 
to the humidity recommended for human comfort With air condi- 
tioning, the above conditions can be controlled However, air con- 
ditioning has Its drawbacks also It is possible tliat animals raised 
in an air conditioned building and transported elsewhere may be 
wposed to extremes of temperature for a significant period of time 
1 lie precipitation of respiratory infections, m this event, becomes very 
pro a e t is tliercfore speculated that a temperature lock may be 




Fia 4 Method of stacking cages m cage racks 


attendants Overtired personnel are incapable of exhibiting the 
tiencc required for good animal care 

Note After 18 months’ use, it was decided that aluminum cages were 
practicable because of the hamster’s tendency to gnaw holes in this mat 
Houe%er, this metal displa>s greater corrosion resistance than does galva; 
sheet metal 


HANDLING 

The golden hamster is, comparatively speaking, a tractable am 
although occasionally indulging m obstreperous actions no doubt 
culated to impress the observer ^Mth its ferocity and freedom j 
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inhibitions, figure 5 Bilmg is an ammal-hkc reflex action akin to 
tlie human beings instinct to jump when “tartlcd by an uncxpec c 
noise Oftentimes this raammil may not find it nccc-sary to go o 
such extremes but iiia> report to verbal chasti-emcnt and warning 
Although the e deplorable tendencies arc the exception rather than 
the rule, they ncvcrthclc s serve to alienate the hamsters from the 
affections of many persons \n intimate acquaintance with Cricetxis 
auratus will re ult in more amicable relations and «ome understanding 
of the reasons for these acts Its antisocial characteristics may be 
attributed to irritability caused by 
temporary discomfort in the gastro- 
intestinal tract, unclean or uncom- 
fortable bedding, or malai'C It 
may be caused by nervousnesa due 
to noise or excitement m the animal 
quarters, too much handling, or 
handling by many strange care- 
takers Irritability maj aNo result 
from onset of cstrus, uncongenial 
cage mates, gc talion, or postpar- 
lurition 

One of the recognized proper 



Fia 5 Female lam&ter exhibiting 
her teeth 


icctmiqucs in the rearing oi animais 
i« obviously, to allow certain designated personnel to care for certain 
designated groups of animals Familiarity with the caretaker elim- 
inates sensitivity to a groat extent, and he in turn will cxpencnce con- 
siderably less difficulty m handling and caring for the ommaW The 
animal breeder must view his charges sympathetically and adapt bis 
procedures to their ps>chological makeup He must be familiar with 
the types of noises which startle the«e rodents, their idiosyncrasies, 
and their reactions to methods of handling 
Alany commercial raiders, recommend the use of glass jars, tin cans 
(Hayner, 1946), small transfer cages or gloves for the handling or 
m«pecUon of the hamster The above methods, however, are not satis- 
ac ory, or the animals do not have the opportunity to become ac- 
customed to the scent and feel of the human hand Furthermore, the 
hamster may at times bite the gloved hand with no discomfort to the 
handler and the act may pass unnoticed These biting proclivities 
ma> easily become habitual and result m future lacerations vviien the 
animals are madvertcntly held without gloves 
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One of the intangible factors m good animal care is the ability to 
suppress man’s inherent feai and dislike of the genus Rodentia Ani- 
mals detect fear in man tlirough their sense of smell, since fear en- 
genders a mild perspiration in man This scent \\ill cause them to 
become irritable and antagonistic When aroused, they scampei about 
the cage, occasionally turning on their backs, baring their teeth, ut- 
tering their cliaraeteristic cry, and acting in a ivholly pugnacious 
fashion E\en under these circumstances, it is possible to pick them 
up barehanded 

The following technique is observed by the experienced caretaker 
Tlie hand is placed m approximately the same hoiizontal plane as the 
animal’s torso, and is then slowly moved towards the animal, finally 
grasping it firmly but gently about the body and removing it from 
the cage The animals dislike being handled too often oi too roughly 
At the National Institutes of Health’s animal colonies, liamsters are 
always manipulated without gloves or other artificial means 
The hamster may also be picked up with a bare hand by another 
method The animal is allowed to climb up tlic side of the cage 
During the course of its climb or when it reaches the top, it may be 
handled without difficulty For inoculation puiposcs, the hamster is 
placed on one’s chest with the right hand, and the loo&e fold of skin 
at the base of tlio skull is grasped by the tliumb and forefinger of tlie 
left hand The animal can now be restrained with ease If the 
injection is to be performed by the holder, while the thumb and the 
forefinger of the left hand aic occupied with the loose fold of skin, 
the fourth finger encircles tJie left hmd leg, which is then oJamped 
between the third and fourth fingers The right hand is used for the 
operation If a two-man team is to perform the work, the manipu- 
lation will be correspondingly simplified Hamsters will very seldom 
bite when being held If they do so, it may generally be attributed to 
food odors adhering to the handler’s skin Even under these circum- 
stances, puncture wounds are very rare 
The gentling of animals has a two-fold purpose Primarily, care- 
ful handling of breeding stock proves its worth in the production of 
numerous and healthy progeny Secondly, a docile animal is appre- 
ciated by the research worker, for very often a nervous animal may 
succumb from shock when being injected, occasioning a loss of valu- 
able tunc and material It is notewoithy to bear m mind that the 
handling of unruly animals injected with infectious material is a 
hazardous occupation 
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breeding and care of the SYRIAN 11 VMSTER 


BREEDING 

Nature has endo’cvcd wild mammals with certain physiological 
mechanisms deigned for adaptation to environmental conditions 
Domestication negates the need for adjustments because of climatic 
conditions security from predators, and absence of forage Repro- 
ductive functions also alter appreciably when animals come under 
the luriadiction of man and moncstrua mammals become seasonally 
or wholly polyestnis The physical characteristics arc influenced by 
improved nutritional methods intended not only to promote growth 
but also to increase reproduction and facilitate lactation Systemic 
maladjustments disrupt the reproductive rhythm, subsequently result- 
ing m abortions, stillbirths, and malformation of offspring 

The cstrus cjcle m viviparous mammals vanes according to their 
generic order Man, pnmalcs, the equine group, cattle, etc , differ 
from the rodents in that the latter arc multiparous, whereas the former 
are but very seldom so Although the duration of the cstrus cycle 
vanes according to the species of mammal, the functional activities 
are essentially «irailar Although the practical animal breeder very 
often deems it unneces«ary to concern himself with an intimate hnowl* 
edge of the underlying physiological functions of reproduction, it is 
nevertheless advantageous to posse's some understanding of the basic 
pnnciples The individual who pursues animal breeding and raising 
as a vocation, understanding these principles will find that hvs knowl 
edge wall prove beneficial in the production of a gratifyingly thrifty 
herd 

Nature has bles'ed or burdened the female with the bearing and 
raising of offspring therefore the functions of the female reproductive 
tract are of prime importance The production of ova and the con- 
sequent adaptation of the physiological mechanisms for the expected 
pregnancy are practically alike for all species save the rabbit, cat, 
and ferret (Dukes, 1935) However, in the golden hamster, certain 
differences in the genital tract have been observed during recent 
investigations 

Graves (1943) reports that the egg of the golden hamster differs 
from that of the rat by its large sire and abundance of coarse yolk 
granules He also points out certain essential differences in the 
blastocyst and morula stage as compared with that of the rat 
Dcanesly (1938-1939) ob«erves that the estrus cycle continues 
throughout the year, althou^ matings are fewer from October to 
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February She also notes that the epithelium of the cervix and upper 
vagina is unusual in that it abruptly becomes cornified about 1 cm 
from the vulva At this point the vaginal wall forms two lateral 
ventral pouches normally filled with layers of cornified epithelium 
It IS therefore difficult to trace stages m the cycle by means of vaginal 
smears, because of constant growing and sloughing of material m the 
pouches Sheehan and Bruner (1945) have also encountered difficulty 
in tracing cyclic changes by standard methods and have found it 
expedient to observe the following procedure A sample is obtained 
from the upper portion of the vagina by means of a pipette moistened 
with physiological saline The specimen after being fixed with equal 
parts of ether and 95 per cent alcohol is stained by the Shorr (1941) 
method, passed through 70, 95, and 100 per cent alcohol, cleared in 
Xylol, and mounted m clante The four stages of the cycle, i e , 
proestrus, estrus, metestrus, and dicstnis, can then be noted Shorr 
(1941) states that cornified elements stain a brilliant orange red, 
non-cormfied elements stain a green, which is deeper in younger cells 
and paler in older cells Leucocytes, erythrocytes, bacteria, and sper- 
matozoa can be readily observed 

Peczcnik (1944) has observed the effects of sex hormones on sup- 
posedly sterile females By single injections of diethylstilbestrol and 
chorionic gonadotrophin it was possible to induce pregnancy in 
eleven out of eighteen sterile females Females younger than ten 
months of age, when so treated, produced two or three healthy litters 
which subsequently proved to be fertile wlien bred at sexual maturity 
When older females were injected and bred, they produced but a 
single litter, none of which survived more than a few days 
Selle (1945) selected ten females aged 21 days for mating with 
sexually mature males He found that they copulated at the ages 
of 27, 28, 29, 30, 31, 38, and 42 days, with the exception of one animal 
The female that copulated at 28 days of age gave birth to five young 
at 44 days of age He ascertained tliat the gestation period generally 
occupied 16 days, although some of the animals were 2 to 5 hours 
short of 16 days Observations at the National Institutes of Health 
indicated that sexual matunty occurred at the age of 1 month, i e 
from 28 to 31 days In contrast to Scllc’s report, it has been ascer- 
tained that gestation may endure for 16 days plus as many as 6 hours 
Copulation occurred at night and at any time after 7 00 p m E S T 
and followed a definite pattern of behavior For the first 5 minutes 
or ‘50 after the female was introduced into the male’s cage, actuity was 
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confmeJ to running ntiout UiL pen nltli intermittent mutual examina- 
tion of genitalia figure 6 When the female finally deculcd that the 
male nas acceptable to her, ahe crouched and auaited his attentions 
Some females have been «ecn to remain paisuc for as many as flic to 
SIX mountings by the «ame male The m ijonty of copulations, ac- 
cording to observations, occurred hctvvcen 9 00 and 10 00 P M E S T 
Sheehan and Bruner (1945) report that copulation occurred after 
8 00 PM CST in Iowa Scllc (1945) states that hamsters will 
copulate alter 6 00 p m PST 



Fio 6 Getting acquainted Male hamster with back to camera female facing 
camera 

Routine procedure at the National Institutes of Health includes the 
mating of hamsters at the age of 6 necks, and no deleterious effects 
have been noticed The vaginal «mcar technique is not used for de- 
tection of estrus because the «ize of the colony would render this task 
too cumbersome For simplicity the female is placed in the male s 
cage for a period of 1 neck At the end of this time, she is remo\cd 
to another cage nhere she remains for 16 days If the female does not 
give birth by the end of this time interval, she is remated Inasmuch 
as pedigree records arc maintained for the^c animals each hamster is 
identified by a cage number For the first 9 days after birth, the family 
group IS alloned to remain undisturbed except for feeding and removal 
of dead animals After the aforementioned length of time, cage clean- 
ing IS resumed In this manner, cannibalism and disinterest towards 
offering on the part of the mother have been practically eliminated 
The young animals are weaned at the age of 3 weeks and separated 
according to sex The mother is not allowed a rest period and is 
immediately placed with a male for mating Resting females, it has 



BREEDING 


131 


been ascertained, tend to develop deposits of adipose tissue and under 
these circumstances exhibit a lack of libido During the early life of 
this colony, many females were dissatisfied with preselected males and 
incompatible mates were slaughtcied by them It was often found 
expedient to breed a young female with an older male Subsequent 
generations, however, have reconciled themselves to matings with any 
male 

The literature cites conflicting reports concerning breeding seasons, 
maximum breeding ages, and consecutive Utter sizes From its in- 
ception, all data pertaining to the N I H colony has been carefully 
recorded These facts are presented in the tables included in the text 
Several observers report that breeding ceases m October and is not 
resumed until I^Iarcli Table 1 has been compiled for a period of 
years and shows the effects of seasonal variations m positive and 
negative matings During tlie existence of this colony, production has 
been adjusted to fluctuations m demand by the laboratories For 
peak demand, unrecorded females from stock have occasionally been 
bred in order to increase supply The figures m the tables, theiefore, 
do not present a picture of all animals raised m this colony They 
are, however, based on a pedigreed group of 400 females and 160 
males, which constituted the bulk of the animals used for production 
The scarcity of data for tiie last six months m 1943 and the first 
five months m 1944 was not caused by the animals' failure to breed 
It IS merely an indication of the occasional sporadic nature of the 
demand for hamsters by the laboratories, as influenced by the type 
of investigational activity’ From June, 7940, until June, 1943, these 
animals were in great demand and were being tested for their sus- 
ceptibility to all types of infections During 1945, 1946, and 1947, 
it was definitely decided that hamsters were to be considered good 
reactors for certain research problems, and their use for these pur- 
poses has increased progressively The figures in table 1 indicate that 
some of the early difficulties encountered because of seasonal variation 
have been overcome The year 1947, m particular, demonstrates the 
adaptability of tlie Syrian hamster to entirely different climatic con- 
ditions after several generations This Inmster colony is not being 
raised in air-conditioned surroundings and at times is exposed to 
temperature changes of 20° F m a short space of time, and humidities 
as high as 85 per cent 

Ihis colony has never exhibited a complete failure to breed at any 
time However, the percentage of unsuccessful matings durmg the 
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TABLE 1 

Influlsces OPON MaTU«C3 • 

(A comparative study of the cfitcta of cnviroamcDt upon the breeding habits of 
S> nan hamsters) 


Month 1940 1941 I 1942 1941 1944 I9U 1949 


Total 11 11 IIS 9J 397 m 1 IM ST I U S9 104 131 M 149 4II 209 IMl 


1947 Total 


104 59 

197 59 

177 97 

145 97 

114 53 
103 <47 
100 149 
153 119 


*PiBdicat««iDpr«taa(ioa NiodicaUau 


TABLE 2 


Effects of Seasons and SELcenvE Ureedino cpon Averaoe Litter Sirs 


Month 

19t0 

1041 

1942 

1943 

1944 

1945 

1940 

1947 

Jan 


•8 00 

7 36+ 

7 07- 

0 


7 03 

7 33+ 

Feb 


•7 50 

7 29+ 

6 27+ 

0 

4 92- 

7 86 + 

6 67- 



9 67- 

0 94- 

7 17- 

0 


7 11- 

8 21- 



9 34- 

7 48+ 

5 69- 

6 40 

6 92- 

8 09+ 

6 88- 



6 8S- 

6 63+ 

8 06- 

7 67- 



8 79- 



9 35+ 

6 25 

*7 00 

7 38- 

7 35+ 

8 87+ 

10 15- 


*0/6 

7 65- 

6 13+ 

•3 20 

6 80 

7 92- 

9 45 

9 11- 




5 76- 

•8 67- 




9 17+ 

Oct 


6 73+ 

5 77- 

•4 0 

7 29- 

7 18+ 

8 03- 

8 96 


b 55— 

6 00 

•4 0 

7 20 



9 20 


* 6 50 

7 00 

7 17- 

•3 0 




8 47+ 


• 7 50 

8 71 + 

8 14+ 

0 

6 78- 

8 14+ 

7 94- 

8 75 


• The™ 6gu,es imgnilicant becaiae of onaU numbet. .ovolvod 
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early years of its life increased from October through February 
Other observers (Laidlaw, 1939, Black, 1939, Peczenik, 1944) have 
stated that the animals are m a semi-hibernating condition during 
these months and, consequently, do not breed Environmental condi- 
tions have apparently altered the picture, and indications point to a 
fairly constant production rate throughout the year 
The figures in table 2 have been assembled to show the seasonal 
variations and the fact that litter size may be controlled through 
selective breeding Peczenik (1944), Laidlaw (1939), Bruce and 
Hindle (1934), Black (1939), and Doull and Megraill (1939) have 
noted seasonal lapses in breeding The N I H colony paralleled these 
results during early years, but, at the present time, results show im- 
provement Offspring of females that bore and raised young from 
November to March were selected for subsequent breeding stock 
Their performance records were studied as to number of viable young 
produced per litter, and the quantity was also considered as an in- 
fluencing factor The litter averages tabulated for the years 1946 and 
1947 demonstrate that the selection technique adopted for this colony 
was satisfactory 

Many hamster raisers liave complained about the disheartening 
tendency of hamsters to devour their young or to lose offspring during 
the nursing period According to available records, the majority of 
deaths occur during first litters and result from apparent lactational 
failure Females very rarely lose consecutive litters in this manner 
Deaths m later litters may more often be attributed to external dis- 
turbances rather than lactational failure Individual deaths in litters 
have never been observed The young are never disturbed from birth 
until 9 days of age, consequently, litter size at birth is not tabulated 
It is therefore assumed that dead babies are consumed by the mother 
Cannibalism has never occasioned much loss m this colony, with 
the exception of the year 1942, as shown in table 3A A shortage of 
proper caging facilities necessitated the use of wire-bottomed nutri- 
tion cages for maternity purposes Female hamsters apparently were 
dissatisfied with these quarters and demonstrated their irntation by 
eating their young With an improvement m housing conditions, the 
incidence of cannibalism was reduced The phenomenon of cannibal- 
ism IS not necessarily confined to all litters borne by one mother and 
may occur m any litter It cannot be attributed to any one factor 
and may be precipitated by any one of a scries of external influences 
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Non routine noi es struni^c c'lrct'ikers in.idt(iintc qu irlcrs, and un- 
sanitary conditions iniy be causatue agents It is, honever, consid- 
ered advi‘=ablc to discard females tlmt habitually include their off- 
spring as part of their rations 

Table 3B shows the breakdown of eaten and dead litters ns to nu- 
merical order as previously stated, the iinjorjt> of deaths occur in 
first litters The high incidence in 1913 was cau‘'ed by an attempt 
to foster rapid production through the u<c of 1-month-old females 
for breeding purposes The disastrous effects resulting from this 
procedure have caused an abandonment of further attempts to use 
animals of this age for mating The practice of discanlmg females 
after the fifth litter is routine procedure except for ^elected individ 
uals The latter were retained for longc\il> studies and the accumu- 
lation of data relating to litters sub ciiucnt to the fifth one 
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Table 4 depicts the variations in aveiage size of consecutive litters 
Before 1944, the optimum number per female was considered to be 
but four litters Seleetive breeding has increased this figure to five 
litters per female, and the sixth htter may often be eonsidered to be 
profitable Many animal breeders discard the hamsters at the age 
of 9 months, thereby losing tlie advantages that could be derived from 
a longer breeding life During the years 1940 through 1943 the first 
three litters were most productive, in 1944 this figure was increased 
to four litters, and the fifth litter was added m 1945 

TABLE 4 

Average Sizes of Consecutive Litters 


Litter Order 

1940 

1941 

1942 

1943 

1944 

1945 

194G 

1947 

First 

5 25 

G 97 + 

G 64+ 

5 39- 

6 35 

6 58+ 

8 36- 

9 81+ 

Second 

5 33+ 

8 97- 

7 43+ 

8 17+ 

7 64- 

7 98- 

8 62- 

9 51- 

Third 


7 47- 

7 46- 

7 32+ 

7 45- 

8 10- 

8 85+ 

10 33- 

Fourth 


7 90- 

6 88- 

6 42- 

7 38- 

7 70- 

8 69 + 

9 78- 

Fifth 


7 38- 

5 92+ 

4 00 

6 80 

8 00 

7 88- 

7 83- 

Sixth 


9 00 

7 22+ 

5 40 

6 00 

6 50 

7 13+ 

6 50 

Seventh 


1 00 

5 G4- 

4 00 


5 G7- 

6 82- 

4 58+ 

Eighth 



5 40 

4 00 


6 25 

5 00 

2 50 

Ninth 



3 00 







Tabic 5A has been tabulated for the purpose of assembling data on 
the approximate longevity of tlic Syrian hamster The figures assem- 
bled herein relate to animals used for breeding purposes only Some 
imcstigators have reported a life expectancy varying from 1 to 2 years 
with a breeding span lasting from 9 to 12 months They also report 
that no viable young were born after the age of 1 year, and data con- 
tained in previous tables demonstrate the above assertions to be 
erroneous 

Fertile females 18 months of age have been encountered, although 
tins phenomenon i» not \ery common Tire h mister seems to be a 
fecund animal, the percentage of fertile males and females being well 
abo^ 0 90 per cent It is therefore probable, though not alw a> s po'^siblc, 
to obtim six healtliy and worth-while httera per female before tlic 
ftnialts re icli tlie age of 11 months 
Table 5Ii h is been tabulated for the purpose of demonstrating tiiL 
fiurl> high percent igc of fertility m this colony 
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BEHAVIOR 

The behavior of animals is influenced by their environmental reac- 
tmllpd hv climate foods and feeding conditions, housing 
tions as controlled y , gtate is in accordance 

patterns vary, and may follow diverse courses at variance with, 

builds Its nest at the end of a 

burrow 8 feet deep, lining its quarters with ^ found 

in the vicinity In the laboratory, it adapts itself to metal cages, 
aUhoLrretaming its instinct for excavating by energetic scratchings 
iX tmers For bedding and nesting material, it adjusts its needs 
in t ie corners c material furnished by its keeper 

Although In^aVundance of feed is provided by the caretaker, it still 
"s the urge to hoard food, and will gather the rations provided 
and store them in a secluded spot The food is conveyed via the cheek 
pouches and ejected by using the front paws I" ‘b® bEm- 

Lrs go into seini-hibernation during parts of the year “ud fail to 
reproduee Under domestication, their reproductive cycles alter and 

breeding IS possible throughout the year , , , , , 

The gestation, growth, and development of the hamster ace so rap d 
that the young ones can be seen eating solid food 8 days after b rt 
The mother carries food to the nest, and the young animals nibble it 
or en though their eyes have not, as yet, opened Controlled tempera- 
tures obviate the necessity of remaining in the nest, and they arc soon 
scampering about the cage Until 14 days after parturition, the 
watchful mother will put them back into the nest it they sliould scram- 
ble cut or be dragged out while hanging on her nipp es In common 
with all rodent mothers, the hamster maintains excellent care of her 
offspring In times of seeming danger she will hide her babies in her 

cheek pouches , , 

The Sjrian hamsters, as the dislall members of the human species 
will tell us, arc “cute" and arc surprisingly entertaining while at play, 
figure 7. Thej wrestle with each other until they arc quite large 
Play consisU of rolling each other o\er and pliyful biting They 
seldom draw blood, for the biting takes jilace on the loo-c folds of 
«km on the back and sides Males xen seldom light, and hn\c neecr 
bean obscreexl mutilating eich other’s sexual organs, as do squirrels. 
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rabbits mice, and many other mammals Females will attack males 

and other females , , Thov 

Hamsters are good climbers, e-^pecially on hardware j 

will seldom retrace their tteps, bat will cither (a 1, jump, or scramble 

down They are not as resilient as mice when falling, however 

of 4 or more feet to a concrete floor will stun, if not kill, a ham , 
whereas after the same fall, a mouse will scamper away Hamsters 
dehght in hanging Irom an mv cried position, but do not seem to 
able to do so tor more than a minute The forelegs seem to be con- 



Fia 7 A litter of eight hamsters 17 da>s old 


siderably stronger than the hind legs, for the latter arc =cen to lose 
their hold fir«t Thej make but \cry little progress m the inverted 
position, but just remain gu«pcndcd 
They seem to be fT<inatcd by an extraordinary activity in their 
MCinity, and niU line up at the side of the cage clo'^cst to the operation 
Changing one’s shoes will cau«c them to sit up on their haunches and 
remain perfectly still and watchful until the operation is completed 
Mother hamsters may be enticed from their nests merely by scratching 
with one’s finger on the floor of the cage 

Most of their feeding is done at night, although > oung hara'tcrs up 
to the age of 3 weeks will eat dunng the day They are sound sleepers, 
may be picked up in a comato«c state, and remain a«leep for ee\eral 
seconds m one's band On a bright sunny day, they may become 
lucly about 1 00 p M , on a dull cloudy day, they do not begin to stir 
until about 3 00 o’clock in the afternoon Dunng the morning or early 
afternoon, one animal ma> occa«ionaUy sit up and look about, but 
It will soon curl up w^th Uic rest of its fellows 

Ilani'Urs delight m recemng fresh bedding They ivill scratch 
through it and c\cntually try to push all the bedding to one end of 
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the cage They dig by scratching with the forepaws and kicking the 

7:z.^Az:iTSTi::Lrfz‘y-:z}^.;£ 

accustomed to the noise. At the end of the season when the fan 
arc no longer in use, they again become irritable for 2 or 3 days until 
they accustom themselves to the change. 


nutrition 

The role of nutrition, and the beneficial effects of the indiiddual 
vitamins, with respect to the well-being of human beings, are fairly 
wXmvn and gLcrally understood. Nevertheless “'^o. 
additional factors is suspected, and intensive 

and investigations in connection with known vitamins arc proceeding 
at a brisk rate. Whereas the endpoint of all scientific research is 
intimately concerned with man. the latter does not readi y lend him- 
self for laboratory material. It is therefore necessary to enlist the 
aid of members of the animal kingdom for tes purposes. 

Manimals in the wild do not adjust tlic.r diets for >"‘<= js- 
but feed upon those rations which are readily available and palatable, 
and can be obtained without undue exposure to predators. The ex- 
aminations of stomach contents of eolleetcd specimens reveal the ty, e 
of plant or animal life that composed their last meals but approximate 
ciuantitics of the various ingredients eannot be estimated. hen forag- 
ing, animals are not particularly concerned with the freshness of their 
foods and vitamin contents vary accordingly. Times of famine can 
cause material alterations in the nutritional makeup of their diets and 
result in phvsiological changes. Animals that are being used for 
laboratory research cannot be subjected to intermittent changes in 
their diet. One of the prime reasons for the u=c of the labor-atorj-- 
ruUed amnuils is Ihe elimination of variables such as diet, climate, 
hou.-ing, anti care. The most important of these is ihct, and it is the 
duty of ilic conscientious animal husbandman to select lui adctiuate 
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rofon tor h.s charges that will result m high production and good 


performance in the laboratory oUnw 

When man first domesticated mammals, he was conte 
them to graze at uiU and was well satisfied 

mg areas were reduced and population increased, the need tor greater 

production became all-important It was suggested that more nutnt 

rations were reqmred, and the field of animal nutation came '“‘o ““E 
This field has subsequently been expanded to include the sma 
oratory animal While a great deal has been accomplished, many 
factors are still unknoivn, for biology cannot as readily be manipu- 
lated as can a machine of steel The expansion of medical 
has led to the acquisition of new species of mammals (Ranson, 194 ) 


i\ith their attendant differences m feeding methods 

The Synan hamster, one of the aforementioned newcomers, is still 
presenting problems of its own Although inadequate nutrition may 
not be the only cause, nevertheless, a well-fed animal has a consider- 
ably better chance for survival In the early days, every raiser had 
his own feeding methods, mainly based on “tnal and error ” In recent 
years, however, some progress m the nutrition of the hamster has been 


reported and should show some beneficial results 

Laidlaw (1939) reported that he varied the diet every day but fed 
the hamsters a ration consisting of raw green food, beans, wheat, dog 
bi«cuit containing meat, bread, maize meal, and an extract of yeast 
Bruce and Hmdle (1934) report that they fed the hamsters a diet 
consisting of puppy bi«cuit8, monkey nuts, mixed grain, raw carrot, 


green stuff, and fre«h cow’s milk They also supplemented their ra- 
tions during the winter months with vitamin concentrate of A, 


and B 

Sheehan and Bruner (1945) report a diet of balanced dog chow 
checkers daily, leafy vegetable three times per week, and cod-liver oil 
several times per week during the winter months 

Several investigators have reported on the nutritional requirements 
of the hamster, with conflicting conclusions Hamilton and Hogan 
(1944) report that the simplest satisfactory diet includes vitamins 
A, D, E, K, thiammc, riboflavin, pjndoxine, and pantothenic acid 
Omi'-sion of E causes death, omis'^ion of K causes irregular rate of 
growth, but animals reacli maturity in nearly normal time Few of 
their ammaU bore a second litter, and it was concluded that the ham- 
ster requires at least one unrecognized vitamin for reproduction Routh 
and llouchin (1945) reported that the hamster was good subject ma- 
terial for the demonstration of vitamin deficiencies Expenmental 
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^ork was undertaken with tliiamine, riboflavin, pyndoxine, pantotlienic 
acid, and nicotinic acid They concluded that the omission of any one 
of the above factors would cause loss of weight and death 
Cooperman and associates (1943) reported that a synthetic diet 
containing the six crystalline members of the B group, which was ade- 
quate for the rat, was inadequate for the hamster The addition of 
p-ammobenzoic acid and ino&itol increased the survival time of the 
hamster They also demonstrated that biotin was needed and the 
inclusion of vitamin C was unnecessary for hamster nutrition In 
direct contrast to Routli and Houchm (1945) they maintained that 
nicotinic acid was unnecessary Houchm (1942-1943) reported that 
the hamster was suitable for studying muscle changes in vitamin E 
deficiency Young hamsters placed on high-fat diets that were de- 
ficient m E died in 3 weeks Those placed on low -fat diets died within 
2 weeks Deatlis occurred suddenly with very little loss m weight 
Therapeutic doses of alpha-tocopherol produced rapid recover}^ 

These publications indicate that good nutrition for the Syrian ham- 
ster must include certain vitamins and vitamin factors These ele- 
ments must be contained in foods that are palatable and can be readily 
assimilated The reported experimental investigations have been con- 
ducted with synthesized diets which are expensive and wholly inade- 
quate for large-scale feeding The animal husbandman must, per- 
force, resort to ingredients that can be obtained in the open market 
and which are available throughout the year Limiting the ration to 
as few ingredients as possible will oftentimes decrease feeding costs 
and render the undertaking profitable 

The basic ration m use at the National Institutes of Health consists 
of the pellet that is also fed to guinea pigs and rabbits This pellet 
IS milled according to N I H specifications and consists of the follow- 
ing 

159& Pure oat groat 
30^9^ Puh erized no 1 whole wheat 

4090 Alfalfa leaf meal, U S no 1 sun cured, with a carotene content of not 
less than 60 gamma per gram 

139© Soybean oil meal high temperature processed and containmg not less 
than 449'© protein 

Irradiated >cast, rieischmann brand, or equal 
0^594 Sodium chloride, lodired 
195' Calcium carbonate 

To every ton of the above mixture, there is added 8 ounces (by weight) of cold 
Orcssed wheat-genn oil 
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The finished product it Uic time of delivery shall have “ 
content of not less than 25 gamma per gram, shall not test less 
45 per cent green color, and diall have a guaranteed analysis ol n 
less than 17 5 per cent protein, not less than 2 5 per cent A . R® 
more than 8 5 per cent fiber, and not less than 58 0 per cen car o 

pellets are fed ad libitum and arc supplemented with green 
feed Each hamster receives 5 grams of carrots, one-sixth o a 
iVo-mch apple, and approximately 10 grams of kale per da> ^ 

IS always available although the intake is very low Before January, 
1941, the basic ration consisted of a commercial dog chow, and it was 
observed that the animals did not consume it with exident reisi 
When the rabbit ration was substituted, an immediate upsurge in 


intake was noted 

Although this ration may not be the optimum, it has neverthdess 
pro\en beneficial up to the present time The alfalfa, carrot, and ka c 
are excellent sources of vitamins A and C The wheat and wheat- 
germ oil furnish vitamin E, and the irradiated yeast seems to supply 
sufficient D The grams and yeast supply thiamine, and a large intake 
of apple, kale, and gram products provides riboflavin The sojbean 
oil meal is a good source of protein, thiamine, and riboflavin Isiacin 
and pjndoxinc are obtained from the ycaet and gram Pantothenic 
acid IS obtainable from the kale Excellent sources of inositol are 
leaves of plants and cereal grams such as are included m this ration 
p-Aminobcnzoic acid is present as a natural constituent of >east 
Alfalfa, vegetables, and jeast arc good sources for biotin The alfalfa 
also supplies vitamin K The lactation vitamin Lz is obtained from 
baker’s yeast, folic acid from alfalfa and yeast, and cholmo is present 
in wheat 


It is felt that the low incidence of infection is due to the high intake 
of Mtamins A and C obtainable from the adopted ration 
The growth curve, table 6, covers the period of 1 > ear, and its con- 
struction IS based upon the average weights of 25 male and 25 female 
hamsters One male hamster died on the 120th daj, 2 died between 
160 and ISO days, and 3 more died between 180 days and the end of 
the weighing penod 

In the ca'-e of the females, 2 died before 120 days, 3 died between 
120 and 150 da>8, 2 died between 150 and ISO days, 1 died between 
180 and 270 da>8, and 2 died between 270 and the end of the weighing 
period The chart indicates that males and females, on the average, 
gam in weight at approximately the same rate up to the 53rd day of 
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TABLE 6 

Growth Ghaut of the Goldek Hamster 



Time (days) 


age. From this point tiie curves diverge and the females gain at a 
more rapid rate until approximately the 100th day of age. This 
preponderance of weiglit in favor of the females seems to continue 
ad infinitum. 

SANITATION 

Successful animal breeding and raising are dependent primarily on 
three essential elements; i.e., first-rate foundation stock, good nutri- 
tion, and sanitation. The first and second conditions are not too dif- 
ficult to fulfill, but the success or failure of the colony is dependent 
upon the degree of sanitation achieved. Too often, investments of 
cash, labor, material, and time have been rendered worthless through 
careless maintenance of animal quarters. Rigid supervision of un- 
trained personnel and indoctrination into the fundamentals of sterility 
should be a prerequisite for the handling of animals. 

It is essential that animal breeders and attendants be informed of 
the harmful effects resulting from expectorations into feed bins, bed- 
ding materials, and animal cages. Individuals harboring respiratory 
infections should be excluded from the animal rooms. The breeding 
and raising rooms sliould be isolated from quarters housing infected 
animals. The golden liamster is a fairly hardy rodent, but, as has been 
demonstrated in many laboratories, it is also capable of succumbing 
to pathogenic organisms. 

A variety of bedding materials can be used, all types being in a raw 
state, i.e., as by-products of some agricultural or industrial process. 
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Consequently they hive been exposed to contamination from 
excreta, human sputum, m^cct, and/or vermin infestation ' 

roaches, and mites (Smith, 1931, Haney, 1917) arc very often en- 
countered in supposedly clean bedding Some laboratories fc en 
all bedding before u'C as a routine procedure, but tins pba^c of sanita- 
tion would be too cumber-ome and costly in large installations i 
operators of large animal colonics must, therefore, resort to pcrio JC 
sterilization of cages and equipment and adbcrc to a set routine o 
control through insecticides 

At frequent intervals, all cages are placc<l in a steam chest, receiving 
streaming steam at atmo'^phcnc pre-'ure for 1 hour Upon remova 
from the sterilizer, they are washed with a high-prc'surc water ho e 
(150 lb per square meb), allowed to dry, and then sprayed inside an 
out witli a DDT solution After spraying, the cages remain vacant 
for a 24-hour period before being rcoccupicd by the hamsters Cage 
racks are al®o sterilized, wa«bcd, and «praycd with DDT The ceilings, 
walls, and floors arc al«o subjected to spraying witli DDT at prede- 
termined intervals Because of a liberal use of DDT solution, this 
colony IS entirely free of vermin Incidental equipment, such as water 
bottles, stoppers, tubes, feed bins, dust pans, and brooms, is also 
sterilized and washed, but not sprayed It has been determined that 
mites are unaffected by DDT, and other inclhods of control through 
insecticidal spraying rou«t, perforce, be obscrv cd 
The degree of sanitation may be increased by liberal applications 
of disinfectants, if sterilizing equipment is not available There are 
many good disinfectants on the market, and coal-tar derivatives have 
been proven economical and satisfactory If materials are band 
washed, they should first be soaked m detergent solutions m order to 
remove adhenng greasy residue from fecal material Cages and cage 
racks should receive liberal applications of disinfectant If it i3 i®" 
practical to ho«c the floors of the animal quarters, then the scrub water 
should contain detergent and disinfectant 
A mixture of sulphur, rotenone, pyrethrum, and talc in the form 
of a dust has aclucved satisfactory results, but this method causes 
some discomfort to the animals, specifically involving the respiratory 
tract Young animals up to the age of 5 to 6 days have failed to sur- 
vive after dusting Liquid m«ccticides composed of a mixture of 
pyrethnim concentrate and deodorized kerosene will not cau«e as much 
disturbance, but final results are not too satisfactory Many in- 
secticides will not destroy eggs, and very frequent spraying is then 
required It has been found advisable, during an infestation of mites, 
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hamster and the accompanying er applications of a heavy 

presence of mites This can be This treat- 

suspension of flowers of sulphur in eradication of the rabbit 

ment has also been found effective for the eradication 

fncds and bedding is another possible 
Rodent are also the hosts for insect 

g “ constr«ict.on of 

should be such as will ,a that it be composed of 

The optimum in inside wall „[ avails, ceding, and 

glazed tile, with rounded suseJptible to DDT, and contact 

floor Mice, as a group, are very P interval (Konst and 

through the foot pads will “ ,“o“ably to the aforementioned 

Plummer, 1946) Rats do not leac trapping and poisoning 

compound and must be controlle PP , ^al com- 

The most effective rodenticide has been to^ 

bmation called 1080 However, 1080 is higliiy pou- 
and can be used only under restrictions observed The 

Some evidences P vorabTe host for the cestode Byrne- 

““dl^rn— 8yp/ia.a obvelafa ^^Larsb (1940)^ 
states that the development period of vme ,gjj„th at 11 days 

rmXiTrrr— 

cautions had been observed in handling the hamster 
attendant, therefore, need not be apprehensive on this score, 

follows Simple sanitary methods +i,n iioYYic!tf.r 

At the N^onal Institutes of Health, the death ra o “ "“j'" 
colony has been very low, because of the standardized policy of chang- 
ing breeding animals at the age of 10 months The colony is gauged 
to produce only the quantities of animals required for research, and 
the stock animals are issued before leachmg the age of 2 months 
Pearson and Eaton (1940) note that the Syrian hamster del clops a 
virus pneumonia that is usually fatal ui fioin 6 to lo days Horsfall 



146 


BREEDI^G AND CARE OF TUC S\RIAN HAMSTER 
and as-ociates {1940, 1946a, 1946b) have determined the prc=cnce of 
this Mfua in man\ laboratory animals This organism is one of the 
sc\ oral that are latent m the re-piratory tract but may become Mnilent 
when bodily resistance is lowered through inoculation with some other 
medium , 

The expenenced caretaker is the one mdu idual w ho is beat equipped 
to detect abnormalities m the aoimal» Being familiar nith their 
normal physical aspect, he should be quick to detect listles-ness, 
anorexia, dull cye=, rough ptlagc, and a generally emaciated appear- 
ance For precise determinations of causes, pathological and bacterio- 
logical examinations are indicated Occa‘tionally a group of }iam=tcrs 
in a stock cage has been observed to excrete loo-c stools Vutopaies 
revealed no le«vons or nodulcs typical of cntcnditis or the Salmonella 
group of infections Organs gave a macro-copical appearance of nor- 
mality, and bacteriological exaniuiations were negative This symp- 
tom has been attnbuted to a ga^tromlc^tinal up'Ct caused by ingestion 
of decay ed V egelable matter Several laboratories reported death and 
autopsy of animals on test This, however, would not apply to brecii- 
mg colonies, for the picture is complicated by inoculation nith m- 
fectious material, receiving dc6cicnl diets, or precipitation of latent 
infections througli «y«temic weakness caused by any of the above- 
mentioned methods In any event, it may often prove disa-trous to 
attempt to cure sickly breeding slock As long as the aniniaU remain 
ahve, they can act as potential agents of infection for the balance of 
the colony Abnormal individuals should be dc-troyed immediately’ 
and incinerated, as should also be done with soiled bedding and waste 
materials 


The laboratory worker desire^, as «^ubjcet material, an animal that 
will react favorably to numerous mfectious agcnt«, but be germ free 
Itself, an animal capable of acquiring induced immunity but not 
having immunity in itself Animals la the mid state arc exposed to 
all forms of organisms and parasite^ and acquire immunity, otherwise 
they must, perforce, cea«e to exist By depnv mg the laboratory animal 
of the opportunity to become immune fay contact, the animal breeder 
mcrc^^es Its potcntiahtics as concerns susceptibility and mu.t con- 
stantly be on guard, through sanitation, to prevent occurrences of 
epidemics It is only through the meUiod. and degree of samtation 
maintained that the animal caretaker materially assists the medical 
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LABORATORY USES 

There seems to be a widespread belief among commereial hamster 
raisers, laymen, and scientific people unfamiliar nitli the animal that 
this rodent is susceptible to all pathogenic organisms mtestiiia para- 
sites, etc , and is indispensable tor laboratory research The following 
discussion and references arc intended to indicate some of the uses 
and limitations of the hamster for e\pcrnnental purposes 
The European and Asiatic hamsters neie used for laboratory work 
before the Syrian hamster was acquired, and some confusion concerning 
identification has resulted The Chinese striped l^mster (C gmeiis) 
was first used as a laboratory animal in 1919 The Syrian hamster 
made its appearance in the laboratory in 1937, 'vlmn Adler (193p 
thought he had at last obtained an animal that would respond to 
huniL leprosy Dharmendra and Lowe (1910) were unable o reach 
the above conclusion, although conceding that the bacilli can live and 
multiply for some tune in the original implant Tliey found no ovi 
dence of a progiessive infection Doull and Megraill (1939) concur 

With Dharmendra , , , 

Arnold (1942) observes that carious lesions may be p^duced in the 
molar teeth of the Syrian hamstci fed a corn meal diet These animals 
at the present time are being widely used for these studies 
Lennette (1941) has domonstiated the susceptibility of 
hamster to the viruses of St Louis and Jap B encep la i is o i 
anuses multiply well m the brain, and the titer is comparable to that 

of the mouse , r, i i 

Wile and Johnson (1945) found that syphilis in the Samian hamster 
runs a course similar to that which is found in mice The infection 
IS mapparent in that the dark field is negative, silver impregnation 
stain shows no spiiochetes, and Kahn test is negative i e use le 

Nichols strain of Spirocheta pallida . , o i ^ 

Anderson and Goodpasture (1942) conclude that the Syrian hamster 
can be used successfully (or serial passage of the virus of mare abortion 
Sraadel and Wall (1942) report that the virus of lym^iocytio chorio- 
meningitis produces an inteinal systemic infection of C auratiis with 
few if any clinical or pathological signs of disease 
According to Griffith (1941), the Syrian hamster is susceptible, both 
by subcutaneous inoculation and by feeding, to infection with the 
boMue, avian, and vole types of bacillus The bovine type is the 
most virulent, followed by the human type, and both result m gen- 
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erahzcd tuberculosis The \ ole type dc\ clops slow ly , producing lesions 
winch do not undergo necrosis or caseation Tlie n\ian type is the 
least virulent, although the bacilli multiply in glands and organs 
l^Iacroscopic tuberculosis lesions arc rarel> encountered 
Taylor and Parodi (1942) report that the Syrian hamster may be 
Used in place of the ferret foi the identification of influenza A virus 
in throat washings A throat washing containing type B influenza 
virus produced an immune response in the hamster 
Morton (1942), Larson (1944), and Larson and Gri/Iiths (1945) find 
that the Syrian hamster is susceptible to Leptospira camcota and 
L icterohaemorrhagiae Eaton, Martin, and Beck (1942) report that 
the Syrian hamster la succcplible to viruses of uieningopneumonitis 
and lymphogranuloma venereum 

Gordon and Seton (1941) have used the Syrian !iam«ter for research 
m connection with scabies and report satisfactory results 
The Syrian hamster lias been used for rc«carch in connection with 
leishmaniasis and has proven to be good subject material (Goodwin, 
1944, Van Dyke and GeUhom, 1940, Harrison and Pulton, 104G) 

The Syrian hamster has responded favorably to infection with schis- 
tosomiasis (Stunkard, 1940, Cram, Jones, and Wright, 1945) Schisto- 
soma ma-nsom lias developed well m the hamster and lias been earned 
through ten successive generations 

The field of nutrition as concerns research with hamsters is cov ered 
m the section titled "Nutrition ” 

Research at the National Institutes of Health indicates tint the 
hamster is susceptible to rabies, and the titer is comparable to that 
of the white Swiss mouse (Habel, unpublished material) 

Cncetus auratus is susceptible to the Lansing mouse-adapted strain 

of poliomyelitis (Armstrong, unpublished material, Plots Reanan and 

Hamilton, 1942) ’ ^ ’ 


Studies hive been made of the ccllufar constituents and values for 
bemoglobm, crythroeytes, etc, of the hamster’s blood (Stenart Flnrio 
and Mugrave, 1944, Rose ct al , 1946) totenart, i lorio, 

The hamster does not react satisfactorily for invest, 
nection with psittacosis (Davis, impubfished material) ^ ™ ' 

Larson (1945) and Lilhe and Larson (1945) rennri u, 
the use of the golden hamster as subject material fnr t i upo 

gallons lor tularemia investi* 

There are indications that the Synan hamster IS sah.fw , f 

material ' igation involving histoplasmosis (Hah 7 

lishcd mat (Habel, unpub- 
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INTRODUCTION 
As a laboratu>-y anunal 

of which it IS peculiarly adap t ‘ important 

animals for immunological a the serums give it a greater precipi- 
molecular u eight or chicken, which is sometimes 

tating power than is found n addition the body size, which is 

used for antiserum J„Vot " most work, and the 

such as to provide adequ _„™nal ear veins for injection and 

easy accessibility of the '“Se marginal ear 

withdrawal of blood are ^ copulation has made it 

The fact that the 

possible to time embryo („,thm 1 hour) than is possible with 

with much greater accuracy the rabbit has been 

other laboratory mammals ^ ^ T„edman test tor 

particularly valuaWem t ,„,cmmation, and numerous basic 

pregnancy, the t^'mique ot joo„d the 

“is: ms cpenlnts on the physiology of mammary 

1X1— the mrof 

ttluXofXXgica. and pathological processes, as they pro- 
XX X::Xm.c gene V— are im^n 

XXXmmm:Ximow.wi. 

croaa-over percentages as indicated 
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Chromosome 

I *c y 

0 14 4 42 S 

II ^ Ei^ I 

0 1 2 14.3 

III ^ 

0 17 2 


Chromosome 

IV a dw w 

0 14 7 29 9 

V ^ 

0 28 3 36^ 

VI e ai 

0 26 2 


a = non agouti 
aeh <=> achondropla.sLa 
an = absence of antigen A 
at = atropinesicrase 
ax =* ataxia 
b = brown (chocolate) 
br «» brachj dactyl 
c » albino 
d » dilute 

du ~ Dutch spotting 
I ~ long hair, angora 


dwarf 

non-cxtension (yellow) 
En = English spotting 
/ = furlcss 
= rex 1, short hair 
1 ^ o rex 2 short hair 
r* ** rex 3, short hair 
» — satin 
p » Vienna 
IT s wide band 
y — yellow fat 


Gene Symbols 
dip ° 


Five genes, dilute (d) , Vienna spotting (v) , the blood groups, Hi, 
Hi, ^8 ha, another, Ho, vs A«, and satin (s), so far as is knottn at 
present are inherited independently of the other six groups Ataaa 
IS probably associated tvith group I 
Of these mutants achondroplasia, ataxia, brach> dactyl, dwarf, fur- 
Ics**, atropine terase, and the blood differences are comparable with 
similar physiological vanations m roan, and should be useful m the 
study of fundamental procc«scs m\oUcd 

Similarly, a considerable body of knowledge la now available about 
the inheritance of differences m adult body weight and the normal 
growth gradients as determined by study of yanations m mtemal 
structures, asymmetry, and early cmbryological proce''‘‘es m six inbred 
races, which should be fundamentally useful in future “ludies of normal 
and abnormal growth In this respect the rabbit has certain adian- 
tagts, since many of the lanatioos m type and conformation are the 
same as m man and larger domesticated animals but on a more siraph 
fled scale 


CARE AlfD HOUSI^G 

The prime considerations m housing rabbits for laboratory purposes 
are those which will facilitate tlie experimental work and at the same 
‘•me mamtam tlie animal m its best health and physical condition 
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156 THERVBBIT 

For example, such things as freedom of ob=er\ation arc particularly 
important in behavior studies but are minor considerations in serologi- 
cal work In other studies special equipment may be necessary, as m 
actiMty or nutritional investigations, and provision must be made o 
meet those needs For general purposes the cs=cntial considerations 
are those which primarily facilitate normal biological processes These 
include (1) cages adequate m size to permit normal exercise of the 
individual and constructed of materials winch may be maintained in 



■ 

nnmnnm 




Fio 1 All metal general purpo«e cage (Courtc«y of Roscoo F Cuoizo, Uni- 
versity of Maine) 


a sanitary condition with a minimum of time and labor, (2) quarters 
in winch a reasonably uniform and moderate temperature can bo main- 
tained at all seasons of the >car and with complete freedom from 
drafts and dampness A moderate exposure to sunlight is desirable, 
particularly m the winter months, but is not essential, (3) facilities 
for supplying necessary feed and pure water and the removal of waste 
materials with a minimum of labor For sanitation the all-metal cage 
IS probably the best, and several cages are on the market Figure 1 
shows a tjpe of cage which is inexpensive, simple in construction, easy 
to keep clean, and well adapted for all general laboratorj purposes, 
particularly where only a few cages are m use It consists of top, 
bottom, and sides of or %-inch me«h hardw are cloth and floor of 
pressed steel with %-mch openings through which fecal material can 
drop into a galvanized shect-mctal pan Both floor and refuse pan 
are removable It is of a size which can be easily submerged m a tank 
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CARE AND HOUSING 

« 0 , 

involving pathogenic organisms In tins case a 

mounted in tiers upon wooden racks. (12 by 18 

chased for iinincdiatc use for periods of short duration. 




Fig 3 Collapsible tiered units, in- 
cluding SIX cages with hay rack and 
feed trays Note the hand nozzle 
used in filling water bottles 


Figure 3 shows a type of cage available before the war which is 
particulaily advantageous in conserving 

SIX cages each 21 by 30 by 16 inches in double tiers with feed t ays 
and hay racks between. Floors, refuse pans feed ‘“y®- ^ 
are removable, and the entire assembly can be set up or d>^™“ntted 
in 10 to 15 minutes. Sterilisation in either a tank or steam chamber 

,™.b k,,, i. — a-o. ^ 

Templeton, Ashbrook, and Kellogg (1940) f eH 

8 square feet of floor space for the smaller breeds 10 for the med.l m 
breeds, and 15 for the giant breeds; the cost of instal ation 
cages is high. Where space is not too great a factor or where con- 
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.cmence m ob-ervalmn « of pnmc .mportance, 

arc preferable, and figure 4 -hoas a type of cage 

and rrire conatruetron TUia particular type of cage has an advantag 

m raieing young stock, since the nest bores are below the floor, whic 

prc\ents premature emergence of the young and facilitates their re 

to the nest m cases i\here they do succeed in early escape 



Fio 4 Single licrcd cage of wood and wire construction Note the nest box 
below the floor (Courtesy of George O Liljc'truni, Paxton, Mass) 


Feed and Water Receptacles. In cages i\hich are not equipped inth 
metal feed tra>8, earthenware crocks arc quite satisfactory, and there 
arc \anou3 kinds on the market Where po^-siblc the crock should 
have a curved inner surface and lip which tend to prevent the animal 
from scratching the feed out of it Thc«e crooks may al“o be u^ed 
for watering, but a more satisfactory method from the point of sani- 
tation is the water bottle and rack (figs 3 and 5) For the rabbit, 
water bottles arc best equipped with straight rather than curved gla's 
or metal (bra^s or copper) mpplca and rubber stoppers ^sipplcs 
should be 2 inches in length with approximately y^~inch opening at 
the utility end W altr bottles tan be filled by carry mg to a nearby 


feed and water receptacles 

. , • foi miu- liottlo carrier. Wliere any number of cages 



# Fio 6. A convenient type of nest 

Fio 6. Construction ot water-bottle construction with metal 

lining ol exposed edges to prevent 
gnawing. 

utter may be easily removed to n work table, ^ 

for observation and returned with a m.mmum of disturbance. Tor all 
breeds encept the extremely large Flemish, a box (10 by IS J 'n<=hes) 
such as pictured in figure 6 has been found highly satisfactory Tl s 
she can be adjusted slightly in either direction to 
or removal through cage doors, etc. Wood is prefeiable to all metal 
bocauso of its insulating properties. However, edges corners and 
other exposed surfaces should be protected with metal to prewnt 
struetion from the natural tendency of the rabbi to gnaw. The same 
precaution applies to cages of any other matena . 

To obtain the normal growth rates in rearing ot young 
which keep a constant supply of clean gram or pellets before the 
young arc highly desirable, if not essential. Several of these are de- 
scribed by T^pletoil, Ashbrook. and Kellogg 1046). The P™^ 
involved consist of (1) an overhead storage chamber of sice propor- 
tionate to the number of r.abbiU and length of time they are to b 
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‘■ypplial ^\ltlluut refill, (2> a, lowtr fettiin,; clmnlitr of ]U't 
Mte to ptniut the ui'ertum of tlu lit ul of tlif 1 iif-t'l t\ > •“ 

colon), (3) an a.lju table -l.t uhitli cm be kI, nccorauiS to 
maximuni size of the ptllet or whole „rim hcin,; U'cd, 'W o 
of the fall of a few ptlleta t ich time the fttiltr !•» -lJo^*tl> ’ 
fcvifficicnt lip on the lower chimtxr to prtvinl tnlrincc b> t ‘O )o e 
rabbits juht out of the nc^l Ikix anil wx^t xyc b> ‘cratchm^ o\ ici 
from the hopper 

Ul PUODLCTIOX 


Biological Considerations 
^■ulahon. Tlic ribbit IkIwii,, Ii> t Bro'U' "f 

stlT '' '' ■ '‘"I “■ ‘t 

mous I' "'111 cupuUt.on or in rr-l>«“ ' J 1 

to IhXoM , 

P'cudopremant°"^f\'“'' “'“'Hioii re-lilts m the 'h* ho' 
ohich ha\e Ilf ‘tonic tor approMnialtU 10ilti>‘ ^ 

a month at a 'tnaahlion iin> riiinin in licit for as “ s 

otarian folhctcs 'r’csuli '* '°»lii''' 
ctentnallyattonln I’'6tnintcii -pots on the 

after mating tiicaa- Otuhliun oceurs about 1 

Estais It a a, ll, , ' '»30) 

slant’ cslrus tliroud,,,,!, ‘’“'1 the doe rcnnineil m 

season in ahioh rabb,u ai'"'"* mg ‘•eason, or at Ici-t 

Hammond and \taUoa imS! '"ar-hall, 1922, liaininond l - 

to remain intact tor 11,5 ' hueIo crop of follicles nos -upl 

and go in cycles of abo^T-” " 1 * 

another set is " '« dam. one -cl dctcncraling 

Pmeus, 1937) H is Walton, and Wlictbain, » ' 

new set of follicles IS ^ n> the tran-ilional penod, "'“ ® 
doo lacU interest ,a the mar^,‘'‘“ °W “t 1 - relrogre-sing tt.3‘ « 
receptivity of the female ft '■‘o'ttnan, 1915) At the bc'E"' 
and purple in color Ouftard'^''” ’*'“n'es eliaractcnsticall' -™““‘ 
acss, and rubbing of Uie ehi„ ““f® l«,omi are restle-ac--, nertoo- 
■* '‘'“'t on the -ide of the cage 

Gestation Penod The 

"I 28 ®f ‘he rabbit is aPP«" 

Ho, 1921, Wing 1945) to 36 dsjs (Rosahn, Greene, 


WEANING 
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Pubeitv and Menopause. Small races become sexually matuie and 
produce viable youn/trom matings as early as i months whereas the 
aree Flemish rabbits seldom produce fertile matings before 9 to 12 
nonthr Fa 1-bom rabbits usually mate earlier than spring born 

'zi -ito" 

IndiMdual differences within the breed are ^s 

Partuxihon. Records of parturition "f 
recorded at 1-hour intervals over a period of 9 y“>“> 
that two-thirds of all litters are bom between 5 am and 1 P i 
only 8 0 per cent betw cen 9 pm and 5 a m 


TABLE 2 

Pehceotage of PARTOaiTioN Occoan.NO nniUNO 4-HOnR INTERVAES 


5-9 A M 

35 9% 


9 AM-1 PM 
32 5% 


1-5 PM 
110 % 


5-9 P M 
118% 


9 P M -1 A M 

7 0% 


1-5 A M 
0 4% 


ButU Weight. This IS influenced by the race, size of litter, and 

^Tore^ arB.t 1“:;: sexual aperture is round^nd 
may be protruded by gentle pressure of the fingers on 
usually much more anterior than the longitudinal slit-hlce aperture 
nf wliioli sccms to be attached close to the anus at the 

Ssterior end ’ Nipples are present at birth in both males and females, 

“1oTermg:"ol rrbbits may be handled at birth and transferred 
to foster mothers with little difficulty within 1 or 2 days of birth 
Progeny which are younger rather than older than the doe’s own 

procenv arc usually more readily acccptc 

NLTBnilding Loosening of hair in does at parturition parallels 
involution of the corpus luteuin, but some additional factor is neces- 
sary for excitation of nesting instincts The urine of pregnant women 

mil induce nest building (Tictz, 1933) t i , r ir, s wpaUs 

Weaning Young rabbits will nurse approximately 6 to S weeks 
but usual! little indk is obtained after the six h week, and the young 
should be removed from the mother not later than 8 
be rebred at once When the young are raised on self-feeders it has 
been found practical to wean at 6 weeks R ^ ® ’ 

the doe can often be retired at Uiat time If, on the o her hand l e 
physical condition is poor, she should be allowed to rest until she ha 
regained her normal weight, vigor, and vita ity Does may be bred 
as early as 14 days after parturition Kellogg (193G), in extensive 
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studies designed to determine the effect of breeding rabbits tint are 
sucUing young found no measurable harmful effect until the fourt i 

litter 11 T, 

Fertilit) The number of fertilized on a which dc\elop normally up 
to Uie time of birth in one ca-=c at least, has been ‘•hown to be a ma- 
ternal (Hammond 1928) rather than a fetal character It was al=o 
tiliowTi by Hammond (1934) that its causes can be separated into 
(1) «maU number of eggs shed, and (2) atrophy of fetuses during 
uterine development 

Copulation Males vary greatly in their 'cxual dn\c and in the 
readiness with which they will mate In general it is best to keep the 
«cxcs separate Mating is mo»t easily achieved when the doe is placed 
in the cage of the buck Ut\cr«al of this procedure ma> lead to a 
ravage attack and po'^iblc injury to the buck Bucks arc often slow 
m performing service m a strange cage, and respond bc®t m familiar 
surroundings If the buck is vinlt and the doc is in cstrus, mating 
will occur at once Succc‘-«ful mating is characteristically indicated 
by the buck falling on his side One mating is sufficient If it is dif- 
ficult to get the doc to accept service, «hc may be rcstromtd as recom- 
mended by Templeton, Ashbrook, and Kellogg (1910) The rabbit 
IS also peculiar in that it will often copulate during pregnancy and 
peeudoprcgnancy but at this time it docs not ovulate, and young arc 
not produced as a result of such a mating (Marshall and Hammond, 
1946) 

Feitiluation At ovulation the ova gather in the fallopian tubes m 
a mass surrounded by the foUicIc cells, which fall away as sperm pass 
through them They arc reached by the «perm m approximately 1’/, to 
3 hours after ovulation Several «perm may enter the zona pcllucida 
but only one apparently, enters the egg The second polar body is 
given off 45 minutes or longer after the sperm enters, and the pronuclei 
are subsequently found (at the earliest 3 hours after ovulation) 
Artificial Insemination This is easily performed in the rabbit 
Because of the preciseness with which ovulation can be timed, it has 
been used extensively as the cxpenmcntal animal in developing tccli 
mques The most satisfactory method of collecting ‘■emen is by means 
of an artificial vagma developed by Macironi and Walton (1938) , 
details of construction and use arc supplied by Lambert and McKenzie 
(1940) together with certain modifications 
With a little experience in handling the instrument, collections can 
be made with any buck that is accustomed to the presence of the 
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breeding practice 

operator Repeated eternw 

sit ct Isrpidly nrad .uRe sa^ractordy rf .ept .n^.asa tubes 

under hqmd paraffin m a " for 7 days At 

been P^°<>ueed from semen kept t hours), 

body temperature the life of the spcri 
as IS also the case when it is kept in ice (60 hours) 


Breeding Piaetice 

Methods in Use at the Roseoe B. Jaekson Memorial Laboratory 
1 Boes selected for 

mouths of age, depending “Pon , 2500 to 3000 gm races at 5 

achieve adult body weight at 4 

months of age, and those over 3 au g , 

made as early as does ““® 5” ‘'“7 jays after mating, at which 
2 Does are examined again 10 to 1 / uu^ 






a * r vrr^trhmii nGit caF for idenuficatjon of young m the nest As 
” dIvTtho l.e J of the amoral o. l.omt.og away trom the reader 


time pregnancy may be indicated in one of several ways whining and 
other obmctioL to attentions of the buck, material inciease m body 
tight Ice mating, or by palpation Non-pregnant does will usually 

remate^at ,juc date of parturition nest bo\es lined with 

hay, straw, mtcelsior, or other similar materials are placed m the cage 
of the doe 

4 A\l such does arc 


then observed daily xmtil the thirty-third or 



jgj Till RABBIT 

tliirh -fourth (lay, or unUl the litter la horn All littcra arc recorded 

at 1 1 

5 All young are notched m the nglit car for identification at birtii, 
using numbers from 0 (o 0, as shoun in figure 7. This together 
\\ith sex, coat color, and other characltnstics has been found adtqua e 
to maintain identity until weaning lIo\\c\tr, all >oung are regu- 
larly tattooed at one month, each with its proper consccutuc car 
number recorded at lurth m the fedger hook 

6 All litters are weaned between the sixth and eighth week. 

7 Usually a rest period of 2 weeks is allowed before a doc is rebred 
or until the next cstrus period OccaMonally a doc who-c previous 
litter was small and is therefore m good ph>sical condition is bred 
at weaning 

8 No stock female is allowed to ha\e and raise more than four 
litters a year 

9 All animals of inbred races arc weighed at 21 days, winch sup- 
plies information as to milk production, at 30 days, and at SO-day 
internals until of breeding age 

Colony Records. Two types of record forms ba\e been found of 
practical use m colony maintenance (1) a running record of birtlis, 
including weaning, growth, mortality or disposal, and descriptive 
records, and (2) breeding record cards (3 by 5) which include all 
matings, and data pertinent to reproduction and racial improve- 
ment The first form is set up m a standard bound ledger book of 
300 to 500 pages who-e ruling is supplemented to provide columns for 
all desired information Honumtal lines are drawn at the time of 
recording to separate the members of one Utter from another The 
columns from left to right contain (1) sex and ear number, (2) birth 
date (recorded only once for each litter) , (3) genetic formula or other 
dcscnpti\e information, (4) nipple number, (5) birth weight, (6) 
mortality or disposal, (7) cage number, and (8 and 9) parentage 
(female first) 

Form No 2 has spaces at the top of the card for (1) sex and num- 
ber of the animal, (2) dcscnpti\e information, (3 and 4) parentage 
(female first) , (5) cage number, (6) race or cross, (7) nipple number, 
and (8) birth date It also has columns for matings, including weight 
at mating, male u«cd, date of mating, date when litter is due, date of 
birth, page in ledger where litter is recorded, and the car numbers 
of the young demed from the mating Other columns may be and 
are used for recording data on special projects 



developing or breeding stock 'os 

.Lino file With call! headings as shown 

he«" 

Sees lined and 

3 Days of the nionth-mchides cardan ^ ^ etestc 

and whcie litters are due ^ ^onth of 

4 Ncwborn-includcs cards for docs witn yo b 

“SO „nthcrs in front and those of young 

5 Tattooed— includes cards o grouped and ai ranged 

immediately behind these cards rr caning, at which time 

in ordei of the ear nu.nheis “ file mid the young’s 

the mothers' cards are reinoaed to the breco 

cards to the weaned file growth or development 

fl Weanod-ineludes all y“™^ept to the 

studies 01 breeding Other he ^ one of the prin- 

oxpeiimental program of the in flexibility winch permits of 

eipal advantages of :“'"j:,r“;: progra^^^ 

expansion of the colony or . j enables the investigator to 

“ly eaSy":nd Xu; and ascertain the status of his stoeh at 

"" developing of breeding stock 

, r reseaich with other species, particularly with 

Although m ^ pHecd upon the development and 

mice and rats, emph isis ..tihzinn the rabbit have been satis- 

use of inbred — Xrtf uncertain origin obtained 

ficd to employ the '“=‘' ^ ,„r this undoubtedly is in part due 

from local breeders T 

to the lack of such ' ^ an annual of the size and 

effort necessary to rabbit Those investigators who have 

reproductive ^ Envelop inbred races of rabbits appear to 

made serious conclusion that the domestic rabbit is one of the 

“‘'■'rruR speX to mbreed successfully Presumably the long 
more d ifBcult speem continuously outbred under domcsti- 

’“rrrbct ttmenlal in accumulating an unusually large 
* I r of recessive lethal or scml-lethal genes whose segregation 
numbe rosth and hazardous procedure At the present 

UmriherXre sfx races at the Jackson Memorial Laboratory, winch 
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liave been mbred at least as close as parent to offspring 
than ten, several of them as many as twenty, generations “P® 
cnco indicates that successful development of such races is primarily 
dependent upon rigid selection, first, in the foundation stock, an 
second within each new generaUon with special emphasis upon tne 
factors contributing to the fertility, vigor, and reproductive capacity 
of the race, as well as upon any special characteristic of sigmficance 
to desired in\cstigations 
These factors include 

1 Early sexual maturity 

2 Regularity in breeding of both male and female 

3 Regularity of conception 

4 Litter size or fecundity 

5 lililk capacity of the mother 

6 Maternal instincts of the mother 

7 Growth rate 

Any consideration of the nature and means of measuring tbe«e char- 
acteristics emphasizes the importance of producing rearing and main- 
taining large numbers of individuals, particularly females, over a 
substantial portion of their reproductive period 
Litter Size This is of pnmary importance, since it provides a very 
nccc««ary abundance of material for selection of each of the other 
characters Hammond (1934) has shown that litter size is controlled 
by at least two major factors (1) the number of eggs produced at 
each ovulation, and (2) the rclatuc number of eggs or fetuses which 
atrophy during prenatal dc\clopmcnl The first is a multifactorial 
character influenced to a considerable degree by the environment, 
sca«on of the >ear, etc 

In one case at least, selection ivithm a race being maintained by 
parent offspring mating has been successful in increasing the mean 
litter size from fi\e to eight over a penod of 6 years In this particular 
race there is good ev idence to show that small size of the first litter 
of a particular doc is a good indication of email litter size throughout 
the complete rcproducliv c period of that mother 

To what extent early sezuat maturity and regularity in breeding and 
conception may be gene influenced m the rabbit has not been deter- 
mined It is well known that tlie larger breeds such as Tleraidi Giants 
and Xcw Zealands mature much later (9 to 12 months) than the 
smaller “izcd breeds such as the Polish, which may be sexually func- 
tion'll by 1 months of age This difference is as-^ociatcd with the dif- 



MILK CAPACITY 

ference m growth rate Howerc,. within breeds 

environmental conditions precocious m ivi ua s typically 

and members of at least one inbred laee, for « ^ 
slow in becoming sexually responsive, which ^‘“/“^cnne 

tors nrcsuinably differences m functional maturity of the endocrine 
glands, are also important Temperature and molting "e^^ajm 

fiuences which tcmb^^^^ October can be at- 

number of successful matings ^ ^ icsouices of the rabbit 

tributed in a la.ge "'“sme to 1 ^^^bits m the 

to hair production It is also a because of 

southern d„„„g the hot months of the year In 

failure to bleed or to ^ susceptible than the female, 

this respect the male is ^ J t,,g smaller-sized 

and the laige races ‘ counteracted by installation of air- 

races This could undoubtedly be — 

conditioning ^^cc^ or conceive during the winter months, 

reproduction in a ''‘8°’'°“”^°* individual differences are recognized, 

-- —> 

Milk Capacity. ynjer conditions of hand feeding, it is 

unless great care i manifestation of this character, and thus 

difficult to secuie to full ma^ 

an accurate ba stock the mother and young be self-fed 

that in developi g b^ relatively little 

Maternal instm j ffei cnees m nest building and in attention to 
attention of the young are easily recognized, and there 

and care and p * they have a hereditary background Tend- 

encies to aban particularly in cold weather, or to foul the nest 

line inadequate ne , They are prevented to some extent 

are charactens ics cither vitamin E as wheat-germ oil 

by fortification o j. qJ ^ihole wheat gram Individual 

or by the ad i ion . j ^|jis rcapect, and hybridization usually 
differences arc a^o “ 

tends to importance for special types of investigations 

Other fac or immunology, for example, the size of the ear, the 
In mvcstiga j xcsscls (particularly \cms) of the ear, 

size and distriuuiion 



thluxbuit 

and the relative ca'^c uith which the flow of blood can be started or 
stopped arc characteristics of primary importance m selecting or c- 
\eloping laboratory stock, and m studies imoUing a ‘•km reaction or 
sensitization certain types of pigmented skin make sali'-factorj reai - 
mg of the test impossible Snmlarly for ocular transplantation '•tu les 
blue or brown c>e color is much more sitisfactoiy than the pink or 
red of the albino 

SANITATION 

General Procedure The two most important factora m establishing 
and maintaining cmironmcntal conditions favorable to the hcaltb of 
the rabbit arc (1) cleanliness and disinfection to prevent the develop- 
ment of disease, and (2) early recognition and climin ilion of di«ca-cd 
animals once di'ca'c makes an appearance m the colony 
Regular and frequent (preferably daily) removal of all wastes, 
including manure, unu'cd feed, and sodetl nesting and bedding mate- 
rial, IS absolutely c'scnlial in either solid or wire-floored cages Such 
accumulations are nut only esthctically di«agrccablc but they attract 
flics and other m«ects which arc pos«ibie vehicles of infection ^V u'^tcs 
should be removed from the premises each day, or if tliat is impob*iblc 
they should be stored in closed containers whicli should be thorougld> 
cleaned out and disinfected each time they are emptied All equip- 
ment, including water bottles, crocks, feed trays, and nest boxes, 
should be periodically washed with hot toapy water and nn-cd with 
a chlonnc or other suitable di«infcctanl solution or steam 

For prevention of disca*^5 too much cmpiiasis cannot be placed upon 
early recognition of di'cacc symptoms Inactivity, loss of appetite, 
absence of fecal material, rough coat, dull and partly clo-cd cyco 
lowered or unusually biglj temperature are easily recognized by the 
experienced caretaker, and such animals should be removed and iso- 
lated from the rest of the colony Special isolation cages, equivalent 
in number of about 1 to 25 of the regular cages of the colony, kept in 
quarters entirely separated from the remainder of the colony, arc 
desirable All discharges should be liberally treated with a 3 per cent 
compound solution of crcsol, and all dead should be di«po®ed of imme- 
diately, preferably by incincratioti Diseased or dead animals should 
not be allowed to come in contact with the attendants’ clothing and 
thus spread disease to other members of the colony All new stock 
brought into the colony should also be isolated for 10 days before 
coming in contact with the colony Likcwi-e, all precaution should 
be taken to control wild rodents and to prevent access of dogs or cats 
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Ecimpmcnt. Periodic pt 

water bottles, feed trays, nest box , ,,„u)nrly where rabbits ore 

sary precautions in preventing ’ another within the colony 

frequently moved about from one g jontainers, feed troughs. 

When possible, it is well to have extra J for replace- 

and removable floors winch can be k<;Pt f 
ment of regular equipment at a mmu goapy water and rinsing 

Proper cleaning consists in was iing suitable disinfectant has 

in clear water, to which a ^ s],ould be stacked where it 

been added After nnsmg, all equip^ s^^ ^ sun All 

will dram dry, or better still bo exposed to coirosive 

metal parts, feed trays, and cages fbo^ouglily rinsed they can be 
disinfectants After being was -team Several types of steam 

best disinfected by boiling or with "ve stemn oaTunitfsacli as pic- 
chamber have been developed of a size to take cage 

tured in Bgure 3 hutches are best disassembled and 

Where possible, nest ® ^^^nt the persistence of disease 

disinfected as ^®P'‘“‘® P'®®®\,i ^ned fecal matter should be removed 

germs in crevices and cracks A f organic matter may 

by scraping bcfoie washing, as the presence 

impair the efficiency of the disin co probably the most 

Lmfectants The coal-tar solu- 

easily obtained and commonly coefficient of about 5 

tions of these P-P-“‘'®®:„t“for cvoly orfZm except possibly coc- 
These are relatively efficient for every b 

eidiosis a„„nfpctant and has the advantage 

Ordinary lye is a vciy go however, to metal, enamelware, 

that it is odorless It is mjur , 

and painted or varnished e“'“®®® disinfecting capacity when ex- 
Quicklime is also good but loses 

posed to air formerly considered an effective means 

The blowtorch or fire gun, ‘V contmued use 

of disinfection, has been found of little vai , 

13 detrimental to both wood an me d,smfeotants such as higli- 

Of recent years certain new chloride have been dcvel- 

molccular dtective, odorless, and harmless to 

Oped, -fthich appear to be highly 

“L 

Pievcnhon and Control of n “ completely eliminated 

a natural phenomenon which c 
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and the rclatuc ease with which the How of blood c in bt utarlcd or 
stopped are characteristics of prlinarj import liicc in sclcctlllB 
vcloping laboratory stock, anti m studies imolving a skin reac lo 
sensitization certain types of pigmented skin make ^atisfaclorj rcat 
mg of the test impossible Similarly for ocular transplantation studic 
blue or brown c>c color is much more satisfactoiy than the pm o 
red of the albino 


SANITATION 

Gcneial Pioccdme. The two most miiiorlant factors m cstabllsliinB 
and maintaining environmental conditions favorable to the licalt i o 
the rabbit are (1) cleanliness and disinfection to prevent the deve op 
ment of disea'C, and (2) early recognition ami elimination of di‘‘Ca-e 
animal's once di'ca^e makes an appearance m the colonj 
Regular and frequent (preferably dailj) removal of all wastes, 
including manure, unu«cd feed, and soiled nesting and bedding mate- 
rial is absolutely cs'-cntial m either solid or wire-floored cages Such 
accumulations arc not only cslhctically di-agrecablc but tlicy attrac 
flies and other insects which arc possible vehicles of infection Wastes 
should be removed from the premises each day, or if that la impossible 
they should be stored in closed containers which ®hould be thoroughly 
cleaned out and disinfected each tune they arc emptied All equip- 
ment including water bottles, crocks, feed trays, and nest boxes 
should be periodically washed with hot soapy water and nn'^cd with 
a chlorine or other suitable disinfectant solution or steam 

Tor prevention of discaMj loo much emphasis cannot be placed upon 
early recognition of disease symptoms Inactivity, loss of appetite, 
absence of fecal material rougli coat, dull and partly closed ejes, 
lowered or unusually higli temperature are easily recognized by the 
experienced caretaker, and such animals should be removed and iso- 
lated from the rest of the colony Siiccial isolation cages, equiv alent 
in number of about 1 to 25 of Uie regular cages of the colony, kept m 
quarters entirely separated from the remainder of the colony, arc 
desirable All discharges should be liberally treated with a 3 per cent 
compound solution of crcsol, and all dead should be dispo«ed of imme- 
diately, preferably by incineration Diseased or dead animals should 
not be allowed to come m contact with the attendants’ clothing and 
thus spread disease to other members of the colony All new stock 
brought into the colony should also be isolated for 10 days before 
coming m contact with the colony Likewise, all precaution should 
be taken to control wild rodents and to prevent access of dogs or cats 
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Equipment Periodic cleaning and 
water bottles, feed tra>s, nest boxes, an * . ^^herc rabbits are 

sary precautions in preaentmg disease, pa ' the colony 

frequently moved about from one cage tamers, feed troughs, 

When possible it is w ell to have extra ready for replace- 

and removable floors which can be kept clean and ready 

ment of regular equipment at a „ ,vater and rinsing 

Proper cleaning consists in washing m disinfectant has 

in clear water, to which a chlorine or o stacked where it 

been added After rinsing, all equipmen p^ged to the sun All 

will drain dry, or better still where it may c pggd to corrosive 

metal parts, feed trays, and cages , qy rinsed they can be 

disinfectants After being washed ana Several types of steam 

best disinfected by boiling or with live s gpeR 33 pic- 

chamber have been developed of a size o 

tured in figure 3 , g best disassembled and 

Where possible, nest boxes and nu persistence of disease 

disinfected as separate pieces to patter should be removed 

germs m crevices and cracks All drie organic matter may 

by scraping before washing, as the pr 

impair the efficiency of the disinfec probably the most 

Bismfectants The coal-tar dism dismfective solu- 

easily obtained and commonly phenol coefficient of about 5 

tions of these preparations shoul a except possibly coc- 

These are relatively efficient for every org 

eidiosis H,s,n{cetant and has the advantage 

Ordmary lye is a veiy 6 ®° however, to metal, enamelware, 

that it IS odorless It is injur*® » 

and painted or varnished surfaces ^jg^nfccting capacity when ex- 

Quicklime 13 also good but loses 

posed to air - rmerly considered an effective means 

The blowtorch or fire go"' btUc value, and its continued use 
of disinfection, has been , ^gtal equipment 
« detnmcntal to both wood a>m disinfectants such as liigli- 

01 recent years certain o„,um clilondc have been dcael- 

“okcular nlkyldiuu-thj Ibousy gj[ggt,vc, odorless, and harmless to 

oped, which appear to be 

Oio rabbit disinfectant agent should not be minimized 

The value of sunhght as a Disease Disease is m a sense 

fnnentionandO;°"‘™,,„-h can never bo completely eliminated 

natural plieiioioenon ' 



THE RABBIT 

Prevention is mnch to be preferred to treatment and 
Purposetnl and intelliEent practice will usually keep diseas t 
leiel However, too much emphasis cauuot be placed PP™ 
portance of securing stock possessing a high natura 
disease, of observing good practices of nutrition, and o p 
and draft-, vermin- and wild-rodent-proot Xch beta 

access to sunlight if not attended by excess heat, all of j' ^ 

to maintain the rabbit's resistance at a high level The 
summary of the causes, symptoms, treatment, and prevention 
common diseases of the rabbit has been adapted and modified from 
leaflet by E A Lund published by the Bureau of Animal Industry, 
Agricultural Research Administration 


Speafic Diseases 

A Of the Shin 

1 EAR CANKER 

a Cause— one of two «imilar forms of ear mite 
b Symptoms— shaking of head, sciatchmg of ears, yellov^ 
white, or reddish scales on surface of tlic skin, in and around 
the opening at the ba«c of the car, with scaly crusts pro- 
gressing upward on the inner surface in advanced cases 
c Treatment — apply a few drops of any vegetable oil, repeat- 
ing once a week until cleared A mixture of 1 part iodoform, 
10 parts ether, and 25 parts vegetable oil is recommended 
in stubborn cases 

d Prevention — very contagious Clean and disinfect all 
hutches u‘-ed by or near infected animals, observe or treat 
all nearby animals for at least 30 days, and do not intro- 
duce infected stock into a colony 
c Torticollis or wry neck may be a complication 
2 SKIN MANGE 
a Cause — mites 

b Symptoms — reddened, scaly skin, lo«s of hair, yellow crusts 
of dried blood scrum as a result of persistent scratching or 
biting 

c Treatment — clip hair around affected parts, wa«li with soap 
and water, and apply salve of 1 part flowers of sulphur and 
3 part® lard Repeat in 4 to G dajs Compare sjmptoms 
with tlio e of ringworm 
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3. RINGWORM. 

a. Cause — a fungus or mold-like organism. 

b. Symptoms — patches of scaly skin with numerous red, pin- 
head elevations around hair follicles. Hair breaks off or 
is shed from older patches. Usually starts on head or feet. 

c. Treatment — clip, shear, and wash as with mange. Apply 
tincture of iodine. 

d. Prevention — destroy all affected animals and burn or bury; 
thoroughly disinfect all exposed cages and equipment; use 
gloves and clothing that can be boiled after handling ani- 
mals; avoid infection of hands and face through cuts or 
other abrasions; prevent introducing to colony by animals 
from unknown sources. Positive identification depends on 
microscopic examination of skin and identification of 
fungus. Not all animals or pereons arc equally susceptible. 

4. SORE HOCKS. 

a. Cause — bruised or chafed areas wliich may or may not 
become infected. Probably due to poor density and quality 
of hair on the surface of the foot and in some cases to 
posture and quality of bone, which results in unequal dis- 
tribution of weight In the feet. E.\coptionally nervous ani- 
mals arc more susceptible. 

b. Symptoms — tenderness, favoring of feet in movement, and 
tendency to tread or lift tiic feet wlicn sitting. 

c. TreatmcJit — extreme cases arc difficult to treat and should 
be disposed of. Daily applications of Absorbinc Jr. fol- 
lowed with salve, preferably witli lanolin base, have been 
found beneficial. If infected the areas should be dusted 
with sulfanilamide before applying salve. 

d. Prevention — keej) hutch floors clean, dry, and in good re- 
pair (free from sharp wires or other rough surfaces). Pro- 
tect animals from tlisturbing influences which induce stamp- 
ing. Do not use affected animala for breeding or animals 
from parents uhich were affected. 

Jl* Of Moist or Mucous Membranes. 

1* UlU.SE »U»N. 

a. c<»twc— bacterial resulting from sp)a.«}hed urine whicli soils 
bUin and results in chapping. 

b, inllammathm in the region of tl»e .anus and 
genital organs. 
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c Treatment— a\)]i\y saKc, preferably with lanolin ba«e Be- 
cause of possible confusion with vent disease 1 part calc^e 
to 3 parts lanolin may be advisable Mercuric or ue 
ointment is also effective 
2 V’ENT DISEASE 

a Cause — bacterial 

b Symptoms— inflammation of delicate membranes of sex 
organs, u«>ually covered with jellow or brownish crusts 
Swelling, bleeding, and discharge of pus may occur 
c Treatment — treat dailj with mercuric or blue ointment 
d Prevention — examine all parents before mating Avoid u-e 
of infected animals 
3 fcOHEEVES 

a Cause — usually bactenal 

b Symptoms — rubbing of c>cs, watery or pus-hUe discharge 
which mats and scalds the fur and may cau'c it to fall out 
c Treatment — treat with ophthalmic solution of sulfathiazole 
or sulfadiazine 3 to 4 times daily, Argyrol or silver oxide 
ointment are helpful Tobacco juice made b> steeping 
tobacco leaves is sometimes effective Deep-seated infec- 
tions are difficult to treat, and animal should be discarded 
unless skilled attention may be giv cn 
d Prevention — protect animals from drafts and exces-ive 
du«t, chemicals m paints and <=prays, smoke and other fumes 
and irritants Isolate affected animals 
4 1^FECTED (scabby) NOSE OB LIPS 

a Cause — bacterial, dust, colds and other nasal imtants 
b Symptoms — inflammation, swelling, chapping, and cracking 
of nose or hps with formation of jellow, brown, or red 
crusts 

c Treatment — local medication is ineffective Penicillin in- 
tramuscularly (10,000 units) at 4 hour mtcrvals is usually 
«ucce^sful 

d Prevention — avoid u«c of dusty feed, prevent drafts 
C Of the Alanunary Glands. 

1 CAKED LDDEB 

a Cause— lack of adequate drainage of the glanda 
b Symptoms — congested, firm, inflamed, and feverish breasts 
Advanced stages become hard, dev oid of hair and may crack 
open and emit chtc&j exudate 



diseases or the resphiatory system H3 

0 Treatment-rcduce highly nitrogenous 

plenty of excici^e and if possible dram the ghnd by nurs 
mg with own or foster young Massage to start milk flow 

and rub down with sn.lve or hnolin 
d p"lrhoi.-do not wean young from heavily milking doe 
foo suronly If btter is lost, rebreed at once Remating 
soverardai before weaning may help to reduce milk flow 
Prorct do! from disturbing influences which interrupt 

proper nursmg 

' rruTc-bacterial, usually staphylococcus or streptococcus, 
Eometimcs contagious excessive thirst, 

(but not over 10 ) ‘ ^ 10 000 thereafter at 4 hour 

second intramuscular temperature 

or bury deeply affected animals into the col- 

d P>■cu6«tlOl^-nvold 

oiiy Burn all n equipment 

thoroughly dism contaminated Do not transfer 

which may ^ a healthy animal 

young from an m 
D Of the Respiratory System 

1 COLDS, OB sNUFfuES ^ ^ bacteria and possibly vi- 

a Couse— any of 

tinucd sneezing, rubbing nose with front 
b Symptoms con matting fur on inner side of front feet 
feet, nasal di c m ^ |.oaccnlratc 3 , and feed plenty of fresh 
c Treatment— exercise are beneficial “Nose drops” 
greens and sometimes ire instrumcntnl m 

are ’/’“tion to bronclm and lungs 

spreading in plenty of draft-free ventilation, sun- 

d P rcssistancc b> selective brecd- 

hcht, and evcrci-t 

® vvoid cro\>dmg 

mg 7 orticuUrl> common m nur&ing doc3 and vciy 

2 tp 

ioung) 
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a Cause — bactenal not usually highly contagious 
b Symptoms— loss of appetite, excessive thirst, labored 
breathing — often with no-^ held high High temperature 
falling rapidly several hours before death Diarrhea may 
occur in last few hours Advanced stages show bluish color- 
ation of eyes and ear® 

c Treatment — successful treatment depends upon early detec- 
tion Reduce concentrates and provide greens Keep at a 
uniform temperature Penicillin intramuscularly m hind 
legs 13 specific for several of the responsible bacteria Some 
types cannot be cured and late cases are fatal 
d Prevention (same as for colds) Pneumonia is usually a 
secondary disea‘*c caused by organisms which become effec 
tive in an animal weakened by other diseases 
E Of the Digestive Sjstem 
1 BUCK TEETH 

a Cause — abscesses, injury or abnormal growth of jaws in 
relation to each other so that continually growing incisors 
do not occlude 

b Treatment— none, except tnmmmg which will prolong life 
of the individual 

c Prevention — selective breeding 
2 LIVER COCCIDIOSIS 

a Cause — a protozoan parasite 

b Sympfoms— poor appetite, loss of flech enlargement of 
liver, manifest by palpation in living animals 
c Treatment — none Mild ca^cs are self healing but scars 
remain in liver Severe cases are fatal 
d Prevention — u«c feeding and watering equipment which 
cannot become contaminated with droppings Keep hutch 
floors clean and dry, remove manure frequently 
3 INTESTINAL COCCIDIOSIS 

a Cause — one of four specific one celled organisms multiplj - 
mg m the lining of the intc«tine3 
b Symptoms — tendency to soft droppings or diarrhea, poor 
appetite, loss of flc«h, hunched position with hind feet far 
forward Mucus may be voided “Pot belly” on recovery 
Pneumonia often a secondary result 
c Treatment — none Disease runs its course in 5 to 14 days 
Resistance may be developed as result of previous attacks 
d Prevention — «3inc as for bver coccidiosis 
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4 MDCOID ENTERITIS (SCOTJBS OR bloat) 

a C™.e-unknown, hunched posi- 

b erect, abdomen often 

tion, eyes , gas m 

feoted 

c Treatment-no recommendations 
d Preventwn—no recommendations 
R TAPE oa BLADDEa WORMS 

a CaTses-larval stage of dog tapeworm 
b Symptoms-absent externally 

d “\"cTp dogs away from premises or at least 
" ary frCiJTeed, ‘water, bedding, and utensils 
F. Miscellaneous 

1 piHALTSis displaced vertebra 

a Cotise— injuiy ^ drag and are functionless be- 

" f"usfot‘— ' 

cord 

c Treotment— none . , rij,„g influences, particularly 

■* 

. EH=ir"trt':« - - « 

d 'j^-Tcro-i-cUmi^^^^^^ ““‘I 

NO run ION 

,, ,f nutrition and feeding methods are of major 
The P">'> 1 iniilth and nell being of llie stock The 

iiniKirt nice to the gt ^ jg 

ribbil’s dige-lt'c »>S C < mji^r uf lu^ nutritire \ due 

I'* ml lo n.luli>ci g 



THE HU5BIT 

Not only is there great surface area but it is notable for the 
deielopLnt of the eaecum In the u. Id state the ^bb.t no^al 
feeds upon large amounts of fresh or dried herbage, “='“‘‘‘"8 
grasses! cereal grains, and needs of various sorts During its natural 
breeding season, spring time and summer, there is abundant p 
of young green vegetation uliich is nch m protein, minerals “"d vita- 
mins (especially vitamin A) and being soft, succulent, and en er 
easily digested Rabbits do bc^t on a diet composed of these natural 
sources of food, but m the laboratory particularly it is not always 
possible to supply any quantity of sucb feed, and usually it is more 
economical of funds and labor to make use of the commercial y pre 
pared rabbit feeds •which are now on the market in pelleted form 
Templeton (1915) recommends rations for dry does, herd bucks, 
and developing young which provide the following proportions o 
dietary elements 

Per Cent 

Prolcm 12-15 

Fat 2-3 6 

Fiber 20-27 

Nitrogen free extract 43-47 
Asb or mineral 5-C 5 

This ration is probably a good standard ration for most laboratory 
animals which are not being worked very hard 
For pregnant does and does with litters he recommends a greater 
proportion of protein as follows 


Protein 

Fat 

Fiber 

Nitrogen free extract 
Ash and mineral 


Per Cent 
16-20 
3-55 
14-20 

44- 50 

45- 65 


The above proportions have proved most economical, the upper 
limits in each give better results tlian the lowest, and there is no 
danger in feeding higher levels of protem than recommended providing 
the ration is adequate in all other ingredients 

Throughout this country, the«c elements can be secured from the 
cereal grams plus a certain amount of dry, preferably legume hay, 
supplemented by a small amount of green feed or root crops For 
most rabbits a good standard ration is two parts of nhole oats or 
barley, two parts of whole wheat, and one part of soybean, peanut, 
or Imsecd cake m the pea size or pelleted form, plus all the best- 
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quality legume hay which they will consume. t 

Lee a week tL last are not absolutely essential in «^ant 

or non-lactatmg animals Stock rabbits have “Xs 

tamed by HogL and Ritchie (1934) on whole oats and alfalfa plus 

about 75 cc of whole milk for lactatmg fema es „i.„re avail- 

Buckwheat and the gram sorghums are palatable and 
able may be substituted for barley Corn, X 1 

of the seed, is usually wasted Ground rolled, “ ' nalatable and 

less desirable tor feeding and when stored become 
decrease in nutritive value Even when 0^10^0 

13 also led, whole grams do not fuinish a su cien qu supple- 

and should be supplemented with some one of t'’® 

nients, such as soLean Such supplements should be ^ ^ as distm 
guislied by their Ltty odor or flavor, and preferab y should te n the 
pelleted form For rabbits these pellets should be inch m 

“Xtbirot':Lyarei« 

iii; to I. ti„ 

ground and thoroughly mixed, each morsel is rabbit’s 

and thus there tends to be less wastage 7 desires 

eeratching cut part of the feed to find the P^f*^ “X"Lduced 
Secondly, If the hay is included, the labor of abbitfLm 

about half Howcacr, on such rations young g ^ 
to bo more susceptible to bowel troubles sue 1 to 

and in wooden cages are more apt to gnaw ic g 
supplement the roughage content i'*“I'',rqtatcs Rabbit E\pcrimcnt 
Experiments earned out at the Umled f hare aeee-.» 

Station at Fontana, California, indicate la „npaction 

h> bar in addition to a pelleted ration are Ip 1 ^ 

and loss likely to dor clop the fur eating ‘ LS 

not so hkclj to eat the bedding materia in le » ts should be 
legume ha>s, alfdfa, elorcr, '»>>>''-• f,;j"[,o:n mildew, mold, 

fine stemmed, leafv and green m '“'“Xotabio oven when m the best 
or dust The gra-s lia>s ire much less palatauie 

0! condition, and there is considerable „ ^,,^11 

'Inny rabbits are kept without acec's o > ^ 

“me unt once or twice a week helps to keep icn weeds 

la^umes are best, but c irrot tuiw, 1 >wn clqip g ’ uttucc and 

‘Wb as dandelion and pi mtain are quite -ati- > 
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cabbage are apt to cau^o loo c ftcu and El.ould be atoidcd in any 
quantity During the ii inter iiiuntlis, root crop' tucli as tuniips, > 
and carrots arc u ually the most e i llj obtained and economical Ul 
thc'C, carrots arc much the bc'-t Any green feed that is spoi e or 
moldj *houW be a\oi(lcd and any exec 3 ■slumld not be left on le 
cage floor to «poil and become coiitannnatcd with fecal inatenal 

Plenty of frt=h, clean water “hould be kept available at all times 
and particularly in «ummcr Salt iKo bliotild be available at all 
Most of the propnetarj foods contain the ntet-^ary *i pound per IW 
of concentrate® but if natural tr'^ins and ha> are fed this should be 
provided m lumps or spools attached to the side of the cage 

Relatively little definite information is available concerning the 
mineral and vitamin requirements of rabbits Hogan and Uitchie 
(1934) state that the nutritional rt(iuirtincnU of the rabbit are 
di«tinctly different from Iho c of the rat or chick and the diffcrtncc 
IS only in a minor degree due to need of bulk ” Rabbits were reared 
with a con-idcrablc degree of ‘•uccess on a ‘•implificd ration containing 
15 per cent >cast Bishoff and bansum (1032) have maintained rab- 
bits for a lime on alfalfa alone When barlcj was the only food, 
rabbits developed fatty liver and nephritis 
\itamm A is apparentl> essential m the diet Vail (19H) reports 
a spastic paralj'-is ‘ head down di case,” m domestic rabbits of Cali- 
fornia, traced to deficiency of vitamin A 
It has not been conclu--ivcly c tabhshed that rabbits require all the 
knowai members of the B complex, but it appears certain that thc> 
need two or three vitamins which arc not now available in crystalline 
form (Loodi 194o) 

Biotin deficiency can be created m rabbits by feeding rations rich 
in egg white, which results in a cliaractcn®lic dermatitis due to a 
neutralization of biotin by the egg white fraction (Lea®e, Par-on and 
Kelly, 1937, Du Vigneaud, Melville, and Gjorgi, 1940, and Gjorgi 
et al , 1941) 

Isiacm (nicotinic acid) is an e®®ential growth factor for rabbits fed 
a purified diet (Wooley and Sebrcll 1945) Absence causes a lo=3 of 
appetite, a drop m body weight, and severe diarrhea 24 to 28 liours 
before death 

The possibility that the rabbit may require vitamin C has been 
considered by several workers, but apparently none except Findlay 
has found any reason to bcheve that this requirement actually exists 
Hogan and Ritclnc (1934) have reared several generations of rabbits 
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0. „o«. . -..I. — c "‘ill" 
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Eabbits lacking ^ uke other animals suffering 

=="1=’re- - 

mhtmn 1" ihe necessary amount of -tamin D and «-tocopherol, 

It IS not -’Pf " In’^ de^mased breaking 

stieiigtr''uoiglit, density, length, and ash content of humeri (Smith, 
Ld Elhs 1934) Deformed front legs is the most evident 
gross sym’ptom resulting from enlargement of the head and shoulder 
of the distal end of the radius and ulna and some deca cification, which 
frequently results in slipping or displacement of the tendons and 
extreme ciipplmg of the animal The manganese requirement for the 

growth of rabbits appears to be about 1 0 mg daily 

lolne in the diet, proa ided in the form of Merck s iodine suspensoid 
appears to increase the resistance to coccidiosis, possibly as a result 
of a general stimulation of the resistance of the rabbit lather than 
through Its effect on the organism Cliesney et al (192S) reported 
goiter in rabbits fed a diet eonsisting solely of cabbage These pitcrs 
were iss„c, ited with a lowering of the metabolie rate, and feeding of 
iodine raised the metabolic rate and preaented thyroid hyperplasia 
Bauman et al (1931) confirmed thc«c findings ind concluded that 
cabba„c umtaiiis a goitcrogcmc substance which acU bj depleting the 
tlij ro\in store of the tbj rold gl lud 

feeding directions 

Proper feeding of 1 iboritore mini lU is an e-s ciitial to niaintaimng 
11 a i„orous breeding stock u-eful in experinicntul me estlgations In so 
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far as practic il m the labor itoo it w iblt to iinintain iis iuarl> 
natural coiuhtjons for the innnjU as |) 0 »'>iWt U ibbiU norm tll> nrc 
more acti\c ami cat more it mtJit than tlunn^ the il i> Thw is 
e^pccnlly noticeable tlunns the winner h i**!*!! of the year Where 
gram iml hiy are both ft«l i good priclice is to feed the grain the 
first thing in the morning twhal the ribhits will coti*«ume in about 
hour) and tin. hay at night Ulitre complete pelleted ritions arc 
used it 13 probably beat to feed lile m the ifteniooii Adult animils 
which are not being bred ire beat hind fed in this manner I at ani- 
mals arc undcbirable, and particular attcnln n m ly be given to the 
condition of the iminal or the needs of a pirticul ir c\pcrimcnt In 
mo^t labontoncs there seems to Ih, a tendency to overftcil experimen- 
tal rabbits to the extent tint they bctmiie exrc-i'*ively fit ind shigbi'‘li 
Thia is particularly true where the cages ire ‘»m ill in sue md prevent 
the normd txcrci e of the aminil To keep idult rabbits in the most 
healthy condition they sliould never be fed ipiile ill that Ihev will 
cat and 'hould always be impatient for the feed at fteihng time The 
average adult rabbit will con nine approxini itely 2 to 1 oz of grim 
daily depending on size In this respect much of the &ucce«8 of the 
colony depends upon the interest, powers of oh cn ation, and judgment 
of the attendant wlio has the aniinaU m his charge \oung growing 
stock in winch nuiat rapid development is dcsircil 'should have both 
gram and hay in front of them at all times and Die mctlioils of -“Clf- 
fccding recommended by Templeton Ashbrook, and Kellogg (1910) 
arc essential 

Particular attention should be paid to the condition of the feed and 
water receptacles at every feeding W iter crocks or bottles Dial have 
become contaminated by fecal inatcnal, hay, or gram ahouUl be re 
placed before new feed is supplied, and the old container aliould be 
thoroughly washed scalded or otherwise disinfected 

Although many believe that the rabbit, like the guinea pig, can get 
along without water being added to the diet, tins applies only to the 
situation in which a large portion of the diet consists of fredi succulent 
vegetables and animals fed on dry feeds should have an abundant 
supply of clean pure water m front of them at all times 
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INTRODUCTION 

The adciptablc dog presents no great problcinrj of care under lab> 
oratory conditions He can stand evtreme^ of licat and cold without 
much conditioning He can be happy tthclhcr triamtnmcd in a cage 
or running over acre tracts of land He can h\c on such a \aricty 
of foods that the feeding problem, like mo't of the other problems 
18 a matter of economics He can h\c alone or witli a group All he* 
asks IS food, 'sanitation, freedom from parasites and di«ta>sC, "Ah 
these, be makes a good and faithful 'creant, a \silhng ninl eager bla^e 
In return for bis service, be deserves all the comfort we can afford him 

ACCOMMODATIONS 

There arc many w ays of maintaining dogs, ranging from the single 
cage to the large outdoor kennel Every institution has its own indi- 
vidual problems Some must of necessity numtam its dogs in ba-e- 
raonts under clas'^rooras, laboratories, offices Other'* own country 
property where the dogs may be maintained by a staff and tran-ported 
back and forth to the laboratories Some m«titution8 arc able to keep 
part of their dogs conveniently in the laboratonco and part in country 
kennels where the staff goes to do Uitir testing Such a combination 
13 ideal, c-pecially for studies m the fields of nutrition, psychology, 
and genetics and long-range studies such as those in pathology and 
physiology 

Almost every study starts out with a limited budget The student 
13 desirous of stretching every dollar to its fullest extent It costs far 
more for assistance m the smgle-cage indoor kennel than it does in 
the outdoor community-pen system It even costa less for help when 
every dog in outdoor runs is maintained singly, depending, of course, 
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on the methods employed The author took entire care of a kennel 
of 200 dogs and puppies single handed for a year, kept careful time 
records of feeding, watering, weighing, giooming, quieting dogs from 
barking, cleaning runs, and renewing sand occasionally All these 
activities for the 200 dogs were handled in five hours a day They were 
done with stopwatch efficiency, which the help of today cannot be 
expected to duplicate 

In the present IVhitney Veterinary Clinic, with accommodations for 
200 indnidual dogs, half in the hospital and half outside, it is possible 



Fiq 1 Pens used m rabies studies where positive control is essential Part of 
Rocl»efe]Ier Institute rabies laboratory at Montgomery, Ala 


to compare costs carefully Aside from medical treatments, two men 
are required to manage the indoor dogs properly, as compared with one 
who easily manages the outdoor facilities and whose dogs are healtluer 
Indoor kennel work requires constant clianging of newspapers from 
the cage bottoms, everlasting diligence m hunting odors, frequent 
watering, repairs, and treatments, not to mention scrubbing floors and 
paint The outdoor man, half of who&e charges are kept in kennels 
with indoor rooms and outdoor runs and the other half with individual 
houses for each run, feeds, waters, cleans runs, renews sand, powders 
dogs against external parasites, and in the afternoon has time for 
repairs — painting, carpentering, etc 
Wo find tlie following types when considering outdoor accommoda- 
tions 

1 Single pens, isolated, with individual houses 

2 Multiple pens, isolated, with individual houses 

3 Multiple pens together with individual houses 

1 Buildings with individual rooms and runs attached 

5 Buildings with community rooms and runs attached 






Fia 2 Adcqualo pens attached to long building sene to contain one dog or 
in'iny m each pen, as rc<}iiircnicnt8 demand There arc an equal number of 
pens at rear of budding 

Multiple pens permit somewbat more cflicicnt management 
Houses withm or altaclicd to any type of outdoor runs can be of 
simple construction A \mcgar barrel, having an oval bole in one 
end and resting on four legs driven into the ground, is inexpensive 



Fia 3 One of ilie aulhcrs isolated pens, built in the Eheltcr of the woods Dogs 


thri\ed and enjo>cd the shade in surntncr 

and thoroughly satisfactory Dogs lie to one side to escape the sun 
m hot weather wlicn no other shade is provided, and they soon learn 
to u“t the barrels m rain> or snowy weather Deep straw bedding in 
thom 13 bufScicnt to provide warmth 
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Kennel buildings with attached runs may be of a variety of designs 
from octagonal buddings with runs radiating out to plain straiglit 



Fia 4. A simple, crude pen, yet useful m con&nmg these large crossbred dogs 


alleys with indoor rooms on either side and runs outside. Dogs get 
exercise running tlie length of the run or playing m the middle There- 
fore long narrow runs aie probably preferable to wide square ones. 



Fia 4A. Larger pens are ad\ isablc for larger breeds. 


One of the first ideas of the neophyte kennel designer is a concrete 
run. But most kennel managers soon tear them out or wish they had 
never installed them. Doga kept on concrete arc usually badly infested 
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with internal parasites as compared r^ith those kept on sand The 
finest porC' of concrete are large compared with eggs of parasites, 
which lodge in them, secure against the hoe or sho\eI which scrapes 
the surface Con-tant washing with water pro\ides an excellent en- 
\ironmont in the warm months Many institutions which liaxe laid 
concrete have great difficultj with whipworms To properly wa«h 
such runs e\ er> daj requires a great amount of w ater under pressure, 
scrubbing with a hcavj brush, and ten itracs the hours which sand-run 
cleaning takes The alternative to washmg is burning — efficient to 
kill parasites and their eg^ but a 
slow and time-consuming task 
Gravel or cinder runs are not 
advi'iable In cleaning sand runs 
the a<--i'tant takes a shovel and hoe 
and tips the 'tools onto the shov cl, 
spreading them as little as possible 
and taking a little sand when the 
stools are soft At the end of 
6 months — in spring and fall — 2 
mches of sand can be shoveled 
away and 4 to 6 mehes more added, 
to replace what was removed dur- 
ing the 6 month', plus the newly removed 2 inches It soon packs 
down In this way, the runs are kept clean and neat except when the 
dogs attempt to dig holes m hot weather This inconvenience is more 
than ofT'Ct by the greater comfort to the dogs bccau'-e ly ing on concrete 
in hot weather is exhausting Concrete runs often cau-e huge callu'Cs 
to develop on the elbows and other parts of dogs of larger breeds 
Fences seldom need be ov er 0 feet high It is le-s cxpensiv e to stretch 
16-gaugc, 2-inch mc'h hexagonal netting over the top than to make 
runs 7 or S feet high, especially when the co't of po-ts and labor is 
con-idcred Dogs winch can negotiate a 6-foot fence usually do it by 
cbinbmg, and thc^c ‘•ainc dogs are able to climb an 8-foot fence 
kink fence wire is excellent, but metal po-ts arc needed and gate 
frames inu^ l>c neat It has few advantages over the wire shown in 
figure -LV Tins has la-tcd for 20 years only 3 milcs from the seacoast, 
where ordinary hexagonal poultry netting often rusts away in 5 years 
Tiic portion buned m the ground lasted 15 j ears 

It pay ■* to U'C cedar or cy pre-s po-ts Oak seldom lasts ov er 8 y ears 
Chc-tnut is -till available and is (.xetilent Impregnating posts m 
coal-tar prt-crv alivts may add a year or two to their lives 



Fia 5 Plans for con?trucUoa of 
wire bottomed cages la such cagc« 
tlic author r3i<cd huadredi of small 
piippic* The wire botloms do not 
harm the feet 








the dog 

\ cr> tcu laboratoncs ha^ e learned the value of wire bottom outdoor 
cages Figures o 6 7 and 8 show one practical tj pe and a group used 



Fia 8 Outdoor wirc-bcltomccl pens nia> be used m Tanous wa>s Here 
covered ooc cootiuns puppies testing a diet ioT vitamiD D conUmt 


the 


b> a \ctcnnar> collcsc Tbc«e cages offer excellent nays to keep 
set oral compatnonable small dogs together The author has raised 



Fio 0 One tide of the autiora cxpcnmenUl kennel In this type of pen b® 
has raised dogs svctcsefully for 20 sears. 

o\ cr a thousand puppies in sucli cages The wire bottoms strengthen 
rather than weaken feet Dogs such as cocker spaniels and beagles 
can be raised to lull growth m them and allowed out for romps in large 
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exercise runs if it is desired. They are practical, easy to manage, and 

'"sore'keVnel‘’mltg^ favor taking dogs into buildings at night 
and putting them out in separate runs when the weather .s propitious. 

The System has some advantages but even more drawbacks. 

At the Whitney Veterinary Clinic, where we have 4 acres fenced, 
and our many types of pens within, we have found it especially desir- 
able to keep some sheep. Two or 
three to the acre will crop the grass 
and eat weeds and poison ivy, which 
grows iuxuriously if not repressed. 

Contrast the illustrations (figs 2, 9) 
showing the lawn about the kennel 
runs with the appearance of the 
ground (fig. 4A) before sheep became 
an institution. Until they were in- 
troduced, upkeep was a serious item. 

Now, the sheep maintain an excel- 
lent lawn between pens and furnish 
half a dozen lambs a year for food. 

Sheep have two principal draw- 
backs; they excite some dogs to bark, 
and it grass is short because of over- 
crowding or drought, they will cat 
the bark of ccitain species of trees 

and kill them. ^ trained to run out . 

The indoor cage question has been rUuni n 

settled by various labor.atoncs and trationa diow ,, 
hospitals in ingenious fashion. The 
body may be of heavy metal w-ith 



Fra. 10. Daytime pens of li„k.,„„|, 
fnbne are found to !„ ratirUiorv 
m some mstitulion^. 




^an be 
um, yo 
Th<» 


'* walk onto wJiifb 
38 pens open. 


or without a pan. Cages generally arc built in tiers of two or three 
Pans are preferable even though slovenly assistants have to he « etdied 
to see that they clc.an on both sides and the space under them Doe, 
sometimes urinate against the Mde of the cage. Small flanges are 
sometimes soldered to the cage ms.des, stanihng out a quarter “f a^ 
inch over the pan edge, to guide urine and liquid fe„, 

and not behind it. . 

Cages may be on rollers or built m solidly, ^oir.e iintitmi have 
steam rooms into which whole cages can be pusheq 
This is seldom iiccessao’ » 


190 


THE DOG 


WJll 



ivfriftfFi 


fiiia:;? 


Si i !\r, MLt «»/■ 1' 

’sJ^SSrij] 


L I *1 

Fio U Cocker «pan cU Un\c outdoors »n buch pens proMileJ U ey are «e 
Vx)Jdca n winter The sand in such I easily popuSated run* needs renewal lour 
times a >oar 

Cage <ioor& and latches may be pttrcha'cd from sc%cral concerns and 
generally for much Ic s than thc> can be made Lsually link I'lre is 
laced into frames Some may pre 
greater ca®e 
in cleaning Cage doors should be 
^--xaSteS attached ‘•o that the hinge pins may 

B ^ 1 taken out and the door taken 

I I tssa-,"*’^ j J/Tl to a large t\a®hing space at regu 
B t ^ I 1 lar intcr\al« where they may be 

, Sfil * scrubbed dean 

\ ■* f V Cages may also be equipped with 

i: ^ 1 inch square mesh wire bottoms 

-s a ^ made of 11 gauge or heavier wire 

This can be electric welded to angle 
iron or pipe frames Everj wnre 
Fia 12 In the^: and otl er am lar bas to be welded or dogs will soon 
outdoor pens the author has ratsed work tlie edges loo e 
man> thousands of dogs Tl e net Feeding pans may be of a v arictj 
tDg > li/ mch iiH;»u 8 <i (08 net- „[ matenals A heavy aluminum 
t ng It has lasted from 1928 to i_ i . . t „„ 

jg^g pan has been introduced wntli an 

extra heavy edge which dogs do not 
chew Enaraelware and thm aluminum are tojs on which idle dog 
exercise their teeth and which they <^)on rum A pan which holds 2 
quarts is an excellent a\ erage «ize 
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SKIN DISEASES 

encephalitis. 

runTriV™^^"'“‘= ‘“ diffeientiate housedog disease from 

DogfimZnLd against distemper either artificially or by having 
tefove ed aTnot imLne to housedog disease and vree wrsa. Carre 
recoverea are immunise against housedog disease. 

Sad Slease. Much has been written lately about a new dis- 

s'scr.rt £ “r£.?rA»i..d. « p™. 

i- • A' to +lip nnssibilitv that this disease may be a mutant 
disease could be cured by injections of small doses of live Carre dis 
‘^^emplmtures in hardpad disease 

Carre distemper. Encephalitis ensues in many cases. Further 

"TabiriramaT:"- rabies is known to exist, and where dogs 
are shipped to laboratories in rabies-free areas from rabies areas, 
git caution must be exercised. Attendants should be 

the watch for dogs with personality changes, perverted appetites, 
insensibility to pain, and throat paralysis. Since many dogs with 
Wdog disease which develop encephalitis show similar symptoms 
to rabie^s there is considerable confusion. Rabies generally has a 
doOTihill course, while housedog disease encephalitis most often mani- 
fests itself in a series of fits with intermittent periods of normalcy 
and secondarily as chorea jerks. But there have been many cases 
of housedog dilease encephalitis so similar to rabies that only mouse 
inoculation tests could differentiate them. Distemper produces mostly 
intracellular inclusion bodies; rabies, when the isease bas progressed 
long enough, produces intranuclear inclusions; housedog disease pr 

duces no inclusions. . # • • 

Dogs in laboratories or in confinement seldom need rabies vaccina- 
tions, especially when they arc kept in individual cagia. 

Skm Diseases. Skin diseases are prevalent m laboratory dogs, espe- 
cially during summer and damp weather. ,,, 1,0 

Manges may be quickly determined by skin scra;nng3 and may be 
' ircatcd^with solutions bearing 1 per cent rotenone, DDT, or benzene 
^ 'cacbloridc. 
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Mo t of the summer .tches ulth scab-forming infections are thought 
to be of fungou- origin Oily suspensions of Dne sulphur P"" 

Other fungicides generally afford prompt cures Use of insect p 
containing efficient fungicides acts as a deterrent or preventive 
Bacterial Diseases Bacterial di«ca«es occasionally cau«c lo 
Lepto'piroMS {a di'ca^e spread by rats) is one It appears in I'D 
forms One (icterohemorrhagic) induces jaundice and hemorrhages 
After thc'e simptoma appear m intensity, there is usually no ope 
for the dog The canicola fonn produces <>raptoms very difficult to 
diagnose until too late for treatment Penicillin 'cems quite «pecihc 
against this spirochetal di'-ea«e when used in the early stages o 
cau«e of a relatively long incubation period, dogs incubating the is 
ease are often bought — a valid argument for an isolation section m 
ev ery institution u«ing dogs 

Tumors Tumors occur with considerable frequency One dog m 
every fifteen of all ages «een at the Whitney Veterinary Clinic had a 
growth of «ome 'ort Some were highly malignant, some benign, 
some mere hematomas, some inflammatory lesions Older dogs appear 
to have the greater tendency to neoplasms It is therefore advisable 
to obtain younger animals for cntical research 


PARASITES 

Internal Parasites Para«ilcs are easily managed Periodic fecal 
examinations should be a part of every well run dog laboratory 
Normal ps> chological responses are not alwajs evoked m anemic ani- 
mals heavily parasitized with bookworms Nutrition tests arc prac 
tically worthless if part of the animals are mfe'ted with parasites 
One study was about to credit a deficiency of a vitamin with pro 
ductng baldness in a dog until it was found that the dog had a heavy 
infestation of tapeworms 

There are several ways of eliminating intestinal parasite®, but it is 
doubtful if more efficient or safer means than the following have been 
evolved 

nouNDwoBMs AND uooKwoBMS Starve dogs 24 hours Then ad 
minister in capsules 1 cc of tetrachlorcthy Icne for each 8 to 10 lb of 
weight Follow in an hour with a dose of arecolenc hydrobromide (sec 
under tapeworms) 

wiiipwoBMs Starve dog» 24 hours Then give sodium pentabarbi- 
tal at a dosage of V/z grains for each 2o lb This will act as an anti- 



debarking 

emefac In 15 nnnutes, give nmmal butyl chlonde m capsuks, 1 cc 

Gwe’nophysic The drug wdl 
l^Zild .to the caecu-h„y .lup_ 

“ ” 3y —iti, ti- •i™ ” ■""• I ‘° ” 

— ".” u..y * «-... d.. ■.*■ 

“i;rp“.t:» - ... » tirsf d™" ”* 

v™:s:;rC“Sdr.”* ».... » j- 

net move like ^ „.tl. the bedding at each change 

on bedding, a potent 1’°"^*" “ , . , „„ ^i,en he lies down 

kills the insects on the dog l^y the du^'^te zeL liesacl.londe dust, 
Ticks can be destroyed with « P- , 1 p„ 

’u:Z:eZt?“nris the nZe lor tHe ^ 
danc 13 another cllective component of insect powders 

debarking 

, 1 „ „«.ro tn the dog, debarking often seems like 

one to attendants and those tD B ^ ctfectiie nhen 

dog, “ “‘“ P anesthesia, the vocal cords are trimmed 

properly done Under general 

off, preferably j„g ^ idt with the head lower than the 

mg After the ope , ,1™. out The dog can ha\ e as much fun 
body to allow any "tut producing an irrit iting effect, 

making the motions of birk ng w.« 

0ccasiunall> tissue grow, back, but uiaj 
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DISINFECTANTS 

For cleaning there are standards not only for destruction of bac 
term but also for elimination of odors The kind of dismfectan no 
to use are the obvious phenols and creosote which may accomp is 
the purpose These are often used by slipshod attendants to mask 
odors instead of eliminate them 

Solutions such as sodium hypochlorite which liberate chlorine are 
eminently satisfactory The slight temporary chlorine odor soon 
pas'cs If dog odors develop, the attendant must locate the source 
He should be made to understand that no odors are permissible for 
long periods Some laboratories use disinfectants which permeate 
whole buildings There are phenol derivatives which have no unpleas- 
ant odor whatever Soaps, loo, arc excellent If cages have common 
dram pipes under them, as are utilized m many dog rooms, a large 
amount of water should be flushed through the pipes or the urme odor 
will soak into the clothes of everyone who enters the room, this odor 
dissipates only after several hours 

VENTILATION 

Ventilation is imperative but need not be of so great an intensity 
as to cau«e drafts Suction fans which pull the stale air out of vents 
need not bo strong enough to waste valuable heat in the winter 
Dogs rooms may be equipped with fans to go on automatically 
change the air at regular intervals 


IDENTIFICATION 

Dogs need identification Many methods are used from metal 
tags m chains to leather straps There is no need for any of the®c 
appurtenances if a small tattoo outfit is obtained Those operated 
electrically can be bought, but these are no better than letters made 
up of many small chisels The ear is shaved, an area to be tattooed 
13 painted with the stcnic antiseptic ink The bolder containing 
the letters w placed over the inked area, and the handles are squeezed 
together Tlic chisels push the ink through the skm Then the device 
13 removed, and the ink is scrubbed over the area again and allowed 
to dry or the surplus may be at once wiped off Three places for 
letters or numbers are afforded so tliat an immense number of com- 
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bmabons . pos.ble The dog can never lose such .dentdicatron as 
he can a tag or collar 

feeding 

Dogs are as adaptable to foods asjo cnv_nts ^ 

may be a matter of w la is ^ ^ budget can be stretched 

from the kitchen of a large p j 

greatly when foods cost nothing One might use 

question of feeding Probably the best buys in com- 

It IS not necessary ^ ^og meals There are at 

plete rations consist o the bet ^ ® research 

r Of ^rimlttn at:!: of dogs, others eight and 

"probably no Xir^-Hype “ 

been devised than a “Sh-clas ‘ JP ^ ye fat of vegetable 

added 20 per cent o ^at This may Ue 

or animal origin It may be g 

tions have large Etchers sell tlic.r fat trimmings 

pose of at a tew f Pj“^ons,derably less than dog food costs 
to fat-rendenng '°“P ^ 4000 calories per pound, whereas 

the laboratory This fat runs 3500 to ^ 

the dog food a tLc "rT of a good iiieal-typc 

calories in a pound of gives twice as much for 

food, fat costing as in „ feature, fat has many other 

the money ‘ ^ y^Uoity and conserving B vitamins 

virtues, such as increasing p 7 

huflb^'^s "aTe- fogs can smell each of the ingredients 

“'S^1h:Tairtheral7~ “'"P--f 

besiucs uio together with a binder Dogs generally 

mh^Biirmorc than the meal types, hut they haic the disadvantages 
t“y arc more cvpens.vc and because of the large lumps, other 

foods arc not readily mi\cd with them 

Dog biscuiU, most of which arc made of 75 to 8o per cent socond- 
grade wheat flour, arc poor dog food indeed Canned foods, while 
Ire paUilablo arc fir too evpcns.ae for laboratory dogs and no 
hetter biologic iU> thin meals E.ch oiic-pound can conlains about 
150 calorics as 1500 in . pound of meal, and the can usually cosU 
consider ibly more Uian meals when bought m the quantities in 
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^h.ch laboratones bay the.r foods W.th 75 per cent 
foods ha^e to be fed in bulk, the empty cans have to be ^sp 
and greater storage «pace is needed The cost is about o 
the co«t of feeding meal-type foods loW-i- 

The question of vihether monej can be saved by individua 
tones mixing their own foods often arises If the time of as'is 
IS of no consideration, and if there is plenty of storage space or 
unmixed ingredients, a little monej can be saved But the 
facturer, by bujing his ingredients m carload lots, obtams a mu 
lower price than can an individual purchasing m hundred-poun o 
even one ton lots Aloat manufacturers are happy to supply foods at 
a cost of one dollar a hundred pounds above the cost of matena s an 
the labor of mixing, and their efRcicnt mixers can provide far more 
uniform foods than manual mixing can accomplish 


BREEDING 

Shall the laboratory breed its own stock? Many have tried 
discontinued it This is not alone because of epizootics and the dim- 
cultica involved in raising puppies but aBo becau'e breeding co«ts 
too much, and would cost too much even if there were no pupp> 
mortalities Students have come to expect laboratory dogs to cost no 
more than |5 or $10 If all the costs of rai'ing puppies to maturity 
are considered, dogs will cost at least $25 each for the small breeds 
and more for the larger breeds 

A case m point is tins author’s experience m raising a strain of uni- 
fonu pups For five years and «ix generations, a strain of beagles wa» 
developed by inbreeding The offspring were uncommonlj uniform 
The w ork was encouraged by students who needed dogs and had fre- 
quently urged the creation of such a tjpe The usual advantages to 
laboratories were cited After several hundred dogs had been bred 
and a nice lot was ready, theec men and anyone el«e who might need 
them were notified The pnee of $25 eacli was too high If the dogs 
could have been «old for $5 or even $8, thej would doubtless have 
found wide u'^age Budgets would not permit the extra co«ts The«e 
beagles were finally sold to rabbit hunters for $20 each 

If anyone wants to breed uniform dogs, beagles offer an excellent 
opportunity because they are uniform already even though not inbred 
to any extent But the student mu^t expect to pay well for the uni- 
formity He must decide whether or not the advantages are worth 
the cost 



the mating cycle 


199 


The Mating Cycle. For those who are desirous of raising puppies, 
a Iw pits Lid upon considerable study some of which upset dog- 
breeding tradition may be 22 days The 

The mating cycle of the averag discharge of variable 

vulva swells, the 'birs m to urinate fre- 

amount appears in the vulva, h b 

''"t^^^:n^d^ a^s She b" more playful in her en- 
r.ainble fo long ,, ^„.iible as to length but 

:;n“ iS t“:. 

ttlnmrbrTuled diJ^ by different investigators Also 

'Ki i. 2 

lopJaJbuTwilVjerk away when the dog’s poms 

brhes'°pmrwhdetttr*s° wirbeMased V the b.tcl^s which a 
motL hire refused copulation with Determining 

the first day of the acceptance period IS not always easy 

The same must bo said for the Bnal day At this time the luteal 
hormone has shut off desire for copulation, but how potent its effect 
IS cannot be judged accurately Many a bitch has shown no respons 
to a certain stud and been judged over her period When allowed 
to run with a different stud, she may sudden y allow copulation 

What is of most unport m breeding for fertile matings is the day of 
ovuhition This has been placed by two investigators as about the 
first day of acceptance hly studies place it well along in tlie accept- 
ance penod-about the fifth day for the averap bitch ith some it 
undoubtedly is the first day, while m others it may be the wen i th 
day of a long acceptance period, but in the greater part .1 falls at the 
fifteenth or sivtceiith day of the mating cycle, counting from the first 
day These times were arrived at by correlating birthdays with 

knowTi copulation da>s i * 

Because the average hiteli .» mated several days before ovula on, 
the Bcst.it.oii period i» generally ealeuUtcd as being 03 days It is 
prohahly bl diys from ovulation. 
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The optimum time for mating a pair of doge to obtain the '“^8^ 
possible Utter is any time from the middle of the aeceptance p 
to the end Fertile matings have resulted from copulations 
occurred a day after the bitch refused the male u hen she had to be 
restrained to permit the mating Matings made at the firs y 
acceptance tend more often to result in misses 



Fw 13 A useful adjunct to anjr research ieancl these wjre*botloincd cages are 
helpful in deirormmg skin Iteating or dr>iog dogs in summer after bat 


ACCESSORIES 

Every dog laboratory needs certain acccssonea These are combs 
brushes, and a clipper, besides some minor gadgets to fit individual 
needs 

Combs are of all tjpes Mo«t of them are of little value because 
the teeth bend too easily The bc«t and strongC't combs can be had 
in drugstores m ^fegro sections of any city Tliey are used m hair 
straightening and are brass with nooden handles Sometimes the teeth 
arc too blunt and need pointing niith a file, but most are excellent as 
they arc sold The teeth cannot bend 

Hard scrubbing bru«hes arc enjoyed by the dogs and arc mexpen®i'® 
and efficient 

Clippers arc made by only two companies m America, and one i» 
superior to the other in our tc«ts Blades can be had in sc% eral sizes, 
each size cutting the hair a different length One blade sba% cs, one 
cuts hair about Vs mch, another % inch, and another % inch. 
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accessokies 
, 1 ..l.nned they are easier to care for and 

If long-haired dogs are k p Por outdoor accommoda- 

are more especially when fall and winter 

‘r.' ‘"a ”.» » to. "11 "to 

'tr“ "to— 

odor” It does not harm soiled hair falls out in 

dogs are not bathed all their . , eombmg, which also adds 

early summer, shedding can be assisted by commng, 

much to the dogs’ comfort ^^e year 

Some dogs in 'intendency to sh^d during a defi- 

round, whereas outdoor dogs tn the light, which 

nite period This variation shorter for the 

lasts longer to the J ^Jfedding occurs and the new strong 

rest When the dap are '°"E - ® .jhe laboratory dog and 

coat grows in as the days si y ,^nnd 

the housedog turtd on when the natural day grows 

because elcotno lights are t d of constant shedding 

shorter This may account „„ectod by adjusting the hours of 

which, If It IS a nuisance, may be correctott oy a j 

. j j neccfc to nrovide special cages for drying 

It has been found diaUnct^as^^^t^^ 

dogs and n®n’th wire bottoms so breezes can dry dogs 

piese can be ^PP^nr^womimg procedure, the liquid part of the 

!i:rd"o\.gh FigurclSsliowsunefficicutbatteryofsuchcages 
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Fehs calus Linnaeus, 1758; 
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INTRODUCTION 

Most cat colonies arc holding colonic only, ^here cats are held 
tcmporanly for special purposes and usually no attempt is made to 
maintain or expand a colony by breeding Even m ca®es where ani- 
mals are mated for the study of reproduction t)io young are seldom 
kept beyond meaning Ordinarily it is more economical to purchase 
animals as they arc needed rather than rear them to sexual maturity 
Although pure bred animals arc available for the establishment of 
special breeding stocks, no one other than commercial breeders appears 
to haic felt the need or have had the necessary financial support, 
to de\elop genetically homogeneous material Consequently, except 
for genetic studies, the cats on which scientific observations are made 
represent for the most part a heterogeneous stock derived from ran- 
dom matings of various breeds and crosses The divergent statements 
m the literature regarding certain phases of reproductive activity m 
the cat may be attributed in part to genetic differences, but it ^cems 
more probable that they arc environmental m origin The data arc 
ba«ed on obvcrvations made m widely scattered geographic areas 
including Warsaw, Algiers, England, and in the states of Illinois 
Massachusetts, and Maryland, where climatic conditions are quite 
diverse In addition age, nutritional level, and general health may 
greatly modify the breedmg behavior of cats 
Lverjonc seems to know how to care for a cat about the home, and 
no one apparently has difficulty in maintaimng conditions favorable 
•See Mcllen (ItUG paRc 2) and \«lell (1910 page IGO) 
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CARE AND HOUSING 
to rep— e aoUvrty Ho.evei 

the d» of breeding cate - “en m the laboratory 

to insure success f that were evolved m 

literature it seems best to d b ^ ^.t^^ely breeding 

our laboratoiy which enabl serious difficulties, out- 

I.. . .U •i™-* ai«*to” r- 

t.i“ sx ipiX ' 

and efficiency 

CARE AND HOUSING 

o„ »i.„ ... i5 

females was bought m ear y c j^troduced into the colony 

begun, although was too much depletion as a result 

during the breeding season if pregnancy should never 

of killing animals tor study by tram or truck 

bo transported, as abortion usu y colony, they were seldom 

Although many lor^d. ’ beyond this 

kept beyond weaning, since our 

, „o.t„i Krecrime of cats 13 the securing 
The prime factor m the successful bree^^^S^^ 

of tractable underlying cause of the continued 

only after repeated trials receptive females 

refusal of normal liea ' known but it is a familiar problem 

under laboratory conditions laboiatory Eeniales on 

to those who attempt to bree iboratory but do not 

«ie wbole bolmve mueb n„ tl— ^ y 

readily become sexually rccei 

irsbould ^e given considerable freedom of move- 

rooins (dimensions, U b> conditioning solved the 

to 2a animals wi “>'■ , dily and ventilation The floor was 

problems of 'X" „ center dram Both floor and 

of .mootli cemei . ^ ^ consisted of two tiers of sepa- 

walls were pmntcd blctpmt quanwa tnivni* *11 r 

rate bunks, -lUiated about the periphery oi the room ^ 
was raised S niclics from the floor U is essential to provide a slight 
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excess of sleeping quarters to avoid quarreling A broad 
of the bunks provided “lounging” space The walls should e P 
bare, without shehing or racks, so that fnghtened or excita e an 
mals have no opportunity to climb about or crawl into inaccessi 
places ^ j 

A bottomless, wooden frame, 4 feet square and 6 inches hig , 
with sawdust or shavings, was placed on the floor to receive urine 
and feces This accommodation was used rather conscientious y 
unless it became too greatly contaminated Ordinarily, the frame was 
lifted morning and e^enlng and the contents shoveled up The oor 
was washed dowm with a hose each morning, and at this time the ca s 
retreated to the bunks or lounging space until the floor had dried 
The animals should never be startled and should be kindly treate 
at all times The caretaker should take a few minutes each day to 
pet the animals, as it makes sub'cqucnt handling involved in the 
determination of estrus and the introduction of the female to the mat- 


ing enclosure a much less precarious ta«k 
The mating pen was a temporary structure set up by as'cmbling 
five wooden-framed, chickcn-wirc panels winch were simply hooked 
together to provide a covered enclosure 4 feet wide, 6 feet long, 

30 inches high Frequently, no restraint of cither of the participating 
animals was ncce««ary 

Pregnant females should be removed from the colony at least one 
week before parturition A mating pen, when supplied with a cor- 
rugated-paper box with a simple opening, and bedding, provides inex- 
pensive but adequate maternity quarters A female with kittens 
should be given a considerable measure of seclusion if she is going to 
rear her young successfully 

Several authors emphasize the importance of animals having access 
to outside runs where they will receive ample sunshine and fresh air 
Such quarters are unquestionably desirable but do not seem e«sential 
to successful breeding This type of accommodation should be pro- 
vided if plans are being developed for a permanent building to house 
cats 


Some object to cement flooring and recommend wood or even cork 
The concrete docs not appear objectionable if the quarters arc kept 
wann at «0 to 72® F and the cats have resting and sleeping quarters 
off the floor Painted cement has the advantage of being readily 
cleaned and disinfected, since there are no cracks in which debns can 
accumulate 
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SANITATION 

f c+riptlv clean quarters is about the only pre- 
The maintenance of strictly cie q ^ Quarantine 

caution that is needed to protec .t^hlished colony is desirable, 

of animals before their developed 

but most of the cats, acquired by p > normally affect these 

animals A well-nourished a Pfotection against distemper is 

and fleas are readily L breeding season it will sup- 

very desirable, since it it appears m “ed^g^ 

pi ess practically all sexual ac y 

of the animals that survive i„„,elv used by animal breeders. 

The term feline distemper ”„rpathLgioal conditions 

and m the interests of proper i en indicates that 

m the cat it should be {,,.ne infectious, or 

the most specific , , , ^Iso referred to under van- 

acute feline, ,ntectious gastroenteritis, hemorrhagic 

ous other names, such as feline , 1913, Bcntmck-Smith, 

enteritis, and ‘ cat plague but the terms show 

1949) This disease IS also kno^ It should also be 

fever and influenza are aPP"® ^ PP pneumonitis) 

distinguished from tibl^ but adult animals may also 

Weaned kittens arc Active immunity may be conferred by 

readily contract f “‘°„„,t,^atcd virus suspension prepared from 

using a specific vaccine, an , g mfected kittens, but there 

the spleen and regarding the degree or 

docs not appear to “ craporary passive immunity, lasting 

duration of prodLcd by^sc of an homologous serum 

hvo to three ™ ^ treatment of the disease, especially 

This serum may also be use cf protection 

m its very early stages A urici ui v 

IS also given by MellcntlM 

reline pncuraoni , oricm^s also a troublesome infectious dis- 
apparcntly of been found to be effective in 

c'\se m cat colonies Aurtomjt-«» 

. «i..,crninlcukoi»cnn m cata represents m> pcr-onal 
•The above st itcmcnt ^cons cxia-ncoccl in tl.o huallinB 

conchisions after consultation ' , , n R schroctler, Lcilcrle I.abonitont3 

rr’!v"z;:; rro‘rkS!r^~. vco ......... 
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treatment of thrs disease Dr C R SchrrKrdcr recommends the tol- 
losing dosages of aurcomjem for pneumonitis when given o • 
25 0 rag per pound body weight initially, and 12 5 mg per 
body weight every twelve hours thereafter for several days 

It IS advisable to have some trcati«c on the diseases of ca s, sue i 
as Brumlcy (1943) or Kirk (1925, 1917) available for consultation 
There IS also an e\ccllcnt chapter on the diseases and parasites o ic 
cat m a recent book by Mellon (1916), written primarily for amateur 
and professional breeders In many ways it is more useful than Uic 
technical textbooks written by and for vcturinanans 


FECDING 

Feeding cats la an economic rather than a mitntional problem, and 
much ingenuity is needed to provide a cheap but adequate diet c 
simplest but not the least cxpcn>‘»vc method is to buy prepared ca 
foods An adequate ba«ic ration can be provided with cheap grades 
of canned salmon, frc«h or canned horse meat, and freshly boiled co 
and haddock. Boiled white potatoes, raw or stewed tnpc, raw liver, 
beef heart, and kidney may also be u«cd to provide variety m the diet 
This should be supplemented by whole milk— as much as the animals 
will take — and it was our custom to keep cod*hvcr oil and water 
available at all times This diet was sometimes spiced by discarded 
animals from the rat and mouse colonies Eggs were seldom u-cd 
The animals were fed meat once daily, in the morning, and after the 
feeding period all uneaten food was removed and the containers 
sterilized Milk may be given in the late afternoon and contributes 
to the comfort and quiet of the colony Feeding containers, each ade- 
quate for the accommodation of five cats, were used Some groups 
were congenial and fed simultaneously, while m other groups an order 
of dominance was developed and feeding took place in a rather rigidly 
determined sequence However, with adequate amounts of food avail- 
able no undemouri'hraent of the more timid animals occurred 
Hall and Pierce (1934), in their study of the growth rate of kittens, 
kept a small group of animals on a special diet designed to meet all 
known dietary requirements Salt and mineral content (iron, copper, 
magnesium, manganese, etc ) were carefully controlled, and adequate 
vitamin intake was assured by mcludmg lettuce, dried yeast, cod- 
hver oil, and com oil Tlie growth rate of kittens m this group did not 
differ significantly from others m which the food of the mothers 
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consisted of beef heart and mdk w.th occasional supplements of 
liver and cod-liver oil 


reproduction 

1 , 11 MQWl the cat will breed when 10 months old 

According to Marshal 192 female cat reaches 

or even earlier, but Asdell ( ) p^gduce young after they 

puberty at 15 months of age urppHmff activity when con- 

reach In age of 14 years but Iiellen (1946), 

siderably younger (Marshall 2 to 8 

females are considered to be i years of age, but 

years old. males 21 or even 23 years (Alarshall, 

1922 .Todr 1939) ° Higher lecords, up to 31 years, have been 

Q The breeding season apparently vanes consider- 

Breedmg Season The Dreeuu% xinwever in some instances 

ably in different geographical to refer only to the time 

the terra breeding period or pen PP ^ j, „ot to indicate 
of occurrence and number of prog , receptivity may occur at 

the total period of time in reounenie of heat 

rather close periodic interval pseudopregnanoy 

periods of course can be interrup without subsequent 

in an infertile mating, or by P^^»r tteo mtorrupt.ons, to be 
lactation When estrus the cal exhibits tno 

followed again by pregnancy, ^ description 

or three breeding periods a yea , ^^ithout mating tlie 

of the (acts but it teptui^ thioughout 

female might have ^ , breeding periods Accordingly, I 

the entire time of the “ ' ..cason^as the total period of the 

should hko to define the d rcceptnity This is 

year in Mliich ™ ^ „( potential breeding but avoids the 

admittedly a con-.dcrat.on the usual disrup- 

complication of ln\mg to take iiuo 

tions of gestation and ^oo^on of the cat, m the 

Aceordmg to Longlcj (19 ). jbo latter half 

region of Hew Haven, , 11 (1922^) st ites that in England 

of rebruary and March ^ 'oar but aho reports one 

cats fccncrillv ^rec'Uwo >>f ^ ^ogul irlv ^ocurred at mter- 

c 1 .C of an umn December until the following August 

\t d'ltl “rrlst" Iml Hieavv (1935) indicate th it ,n the v.em.ty of 
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Madison, Wis , cats are usually anestrous from September 
ary Wmdle (1939) regarded the period from Febraary to • 
cluii\e, as the normal cstrous season in Chicago, 111 , ^ ” hrped- 
(1941b) found that m Cambridge, Mass, eaU had a , v 

mg period from January until July In northern Europe ( “■ 

heat periods appear twice a year, in the spring and ear y 
(Liche, 1939), but m Algiers the estrous seasons are from ue 
15th to the end of January and from July 15th to the end o 
(Gros. 1936) In the northern United States it appears evident ti 
cats may be found in heat at any time from January to u y me 
si\e, ^ith varying dicstrous intervals from 2 to several wee , 
that the breeding cycle is characterized by a single definite, ancs ro 
period lasting about 5 months. Doubtlessly, late gestation an ac 
tion resulting from a July mating miglit delay the time of onse 
the following cstrous season This period appears to be , 

m part by the length of da>. The anestrous period may be 6 lo en 
by increasing the period of daily illumination Cats exposed to 
periods of lighting, beginning m October, were brought into hea 
late November after about 50 days of treatment, much earlier m 
the usual time (Dawson, 1941b) . 

Estrus In the laboratory, heat periods may not recur at regu a 
intervals, but occasional females may maintain a regular two-wee 
c>cle for several months (personal observation) The duration o 
estrus vanes greatly from individual to individual and even m ^ 
same individual, from lime to time Van dcr Stneht (1911) sta es 
that it will last 2 or 3 days, presumably after the first copulation, 
while m the absence of the male, or m the presence of a restrains 
male, estrus will often continue 9 or 10 da>s (Longley, 1911, Lie e, 
1939), although there are reports of estrus persisting for 2 or 3 wee 
(Mellcn, 1940) 

The literature on the behavior of the estrous cat has been re- 


cently reviewed by Young (1941) Good descnptions are also gi'CD 
by Van dcr Stneht (1911), Bard (1934, 1936, 1939), Greuhch (1934), 
Gros (1930), and Macs (1939, 1940a, 1940b) Full details of this 
rather elaborate pattern cannot lie gi>cn here Estrous behavior may 
be divided into three phases, the courtship activities, the presenta- 
tion and reception responses, and the poatcopulatory responses An 
carl> proeatrous activity, consisting of playful rolling and excessive 
rubbing, may frequently be recognized 2 or 3 days before sexual 
receptivity actually appears. The cstrous crouch, and the treading 
resjxjnse with the hmd legs to mild rubbing or tapping on the genital 
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lo^t°fLtTc!roThnT sliding, rubbing, bJrT- 

r: 

response may '^‘= educed m a variety 

me cervix (Greuhcli, 1934:) iiiSirus diestrous, 

of ways Estrogens alone “gg "1939) ^ Maes, 1939, 1910a, 

anestrous, or spayed animals (Bar , ’ , A pituitary gonado- 

1940b) Treatment with other ho.moues such as t <= P> W^g 
tropins, and gonadotropic jnguce ovulation with 

pausal or pregnancy g I935, Friedgood, 1939a, 

ensuing pseudopregnancy ^ anestrus there may 

Snyder andWislocki, 1931, Windle, 19 ) , , , _ The neural 

be some seasonal refractoriness to hormona mating be- 

faotors, central and sympathetic, invo ve 1 gy several 

havicrof the female f ™ ^g^^gjg^^gsg'; 1940, Bard and Riocli, 

rorCpsiy and S, ml Ma., 

1934, Simcone and Ross, d,.cussion and have been 

errairr"d rytotgloil)! no more than this passing refer- 

“va'i'^Srars ^ llm^agmal smear 

dominantly of small, eeUs^ecom more nunieious 

and affinity for stains In proestrus 

and greatly flattened until at the onse usually large 

epithelial cells remain In estrus most of the ceils arc ^ 

and non-nucleated Progressive “'"■“mvad^tte vTgmal epi- 
three nays after copulation, when -jlug ,5 diar- 

thehum and masses of ^ p^^mr and Hisaw, 1935, Gros, 

actcnstic of metestrus (^sdcll, 194 g uthelial cells with 

1936, Lichc and Wodzicki, 1939) ‘ „ minlanta- 

large vacuoles arc diagnostic of early citrous condition 

bon ,1.0 smear gradually comes to (Poster and 

"it)» small and large epithelial cult* pi 

llisaw,1935) ,i„i that ovulation m the cat IS not 

Ovailaliou. It is gcntrallj conced h,u urtific.al stmm- 

n'ontancous but is induced by coitus or 1 9_ 

lus (Grvuhch, 1931, D iwson and Tne^enod, 910) A on s 
arvations (Van dcr Stncht, 1911. I-on8>'=>. 
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Fia 2 Section of an entire follicle from a cat 22^4 hours after mating showing 
the secondary follicular fluid the modification of tie granulosa and cumulus 
and the doclopmcnt of tie corona radiata X30 
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Fia 3 Follicle fiom a cat 24 Lours after the first matmg, showing a maximum 
leactioa in the cumulus and a well-developed corona The ovum has a second 
maturation spindle and a polar body (Dawson and Friedgood, 1940 ) 



Tio 4 The modified granulosa of a follicle 24 hours after mating. The granulosa 
colls are irregular m form and %Tidel> separated They arc slightly li> pcrtroplucd 
viih NC'iicular nuclei, indiciting nn initial fatage of the transformation into luteal 
cells Xo25 (Dawson and Fnedgood, 1040 ) 
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AVckcns, 1928, Courr.cr an.i G™, 1033- G.os, » 3 ») ^d.cAte tot 
coitus IS essential, although W.ndlc (1339) a, .pears to eel • 
uLus ovulation has not been completely ruled ^ revieus 
some of the eeidcnco uhieli at best .a ° ’ d b pitm- 

also be induced evperimcntally by appropriate ‘ ' ’^ 03 , 

tary and other gonadotropic hormones (Snyder and \\ isbc ^ 93 

Bourg, 1933, Toster and Ilisan, 1935, rnedgood, 1939a, Mmui , 

’'’There appears to be some vanation m to “"“"."fttc 

tion and ovulation The ob-ervat.ons of I.ongley 1’’““ ‘ „ 

tunc of ovulation at about the end of the second day. 3 
Van dcr Stneht (1911), ovulation occurs early m the second > 
Manucll and Wickcns (102S) found tubal (.pgs m one 
hours after a tuned untmg More extensive ob*crv ations of Cournc 
and Gros (1933) and Gros (1936) indicate that ovulation usually tax 
place 26 to 27 hours postcoilum Grculich (1934) found that 1 
mmunal tunc after stimulation was apjiroxumtcly 25 hoiKS, u 
Licho (1939, Warsaw) gives the interval as 10 to 54 hours Dawson 
and Fnedgood (1940) conclude tint the normal expectancy for ovula- 
tion appears to he between 24 to 30 hours after the first mating i® 
changes m the follicle and ovum which occur during prcovulatorj 
swelling have been described by Van dcr Stneht (1911), Long c> 
(1911), and Dawson and Fnedgood (1940). 

There are no obvious changes m the mature follicle (fig 1) during 
the first 6 hours after mating <\(tcr this period the cumulus is en- 
larged because of the accumulation of secretion between the cells, an 
the reaction gradually spreads around the wall of the follicle to modi y 
the entire granulosa (figs 2, 3, 4) This is accompanied by the pro- 
duction of secondary follicular fluid which distends the follicle The 
membrane of the germinal vesicle disappears between 10 and 12 hours, 
and the first maturation spmdlc is present at 18 hours The first 
polar body is given off and the second maturation division is forme 
at 22 hours Further maturation changes do not occur within the 
follicle The second polar body is formed soon after the entry of the 
sperm The entire cumulus, with enclosed ovum and corona radiata, 
13 extruded as a compact mass at ovulation There is no bleeding 
from the ruptured follicle 

Early laparotomy, performed 13 to 55 minutes postcoitum, will 
inhibit the ovulatory response, but if tlic operation is delayed for 6 
hours after mating, ovulation will occur normally (Fnedgood, 1938, 
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1939b, Fnedgood and Foster, 1938, Fnedgood and Dawson, 1942) 
Anesthesia alone does not seem to block the ovulatory reaction 
Fertilization and Early Cleavage Fertilization apparently takes 
place sometime during the first half of the second day after mating 
(Van der Stncht, 1911) At 4114 hours, four eggs were recovered, 
one in the infundibulum, two in the middle third, and one in the uterine 
third of the oviduct Three of these ova possessed pronuclei The 
rate of the ascent of the sperm is not known Sperm were found m 
the lumen and glands of the uterus as early as 1 hour and 40 minutes 
after the first mating (personal observation) 

Early cleavage takes place as the fertilized ova pass down the ovi- 
duct The ovum enters the uterus about 7 days after mating (Andei- 
sen, 1927, Manwell and Wickens, 1928) and is m a late morula or 
early blastodermic vesicle stage (Hill and Tribe, 1924) Tlie time 
of implantation is about 2 weeks postcoitum (Foster and Hisaw, 1935, 
Courner and Gros, 1932a 1932c, 1933, Gros, 1936) At the fourteenth 
day the embryonal area is 4 mm long, and si\ to eight pairs of 
somites are present Internal migration of the ova from one cornu 
to the other apparently may take place, so that the number of corpora 
in one ovary may not correspond to the number of fetuses found on 
the same aide (Hill and Tribe, 1924, Alarkee and Hinsey, 1933) 
Eiiibr)oiiic and Fetal Growth Considerable dati on the rate of 
embryonic and fetal growth have been compiled Crown-rump meas- 
urements hue been made by Wmdlc and Griffin (1931), Windle and 
Fi^h (1932), and Wmdlc, O'Donnell and Glu-^shaglo (1933) on a senes 
of iittciss from the seventeenth day until term These data, supple- 
mcntctl b> a few measurements made in this laboratory, arc given in 
table 1 Such records are of value in determining the period of preg- 
nancy when the lime of mating is not known More complete analyses 
of later stages of prenatal growth, including increa''C m dimensions 
and weiglit of tlic liead, trunk, limbs, digestive tract (including hver 
and pancreas), brain, «pmal cord, and eyeballs, have been made by 
I atuner and lus collaborators (193l~193S) 

Gestation liic records indicate that the duration of gC'-tation raa> 
vary from 5b to bo d lys after coitus, but tlic normal period is u-uallj 
b2 lo b3 days 

FartuiiUon Parturition U'*uaUy occurs m a normal manner with 
few coaiphcations Some e its have their kittens m half an Iiour, but 
labor nuv Ik. prolonged for ‘■everal hours The mother bites off the 
umbiUc il cords and c its the pi iccntac 
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TABLE 1 

Crown rump Measurements of Embryonic and Fetal Growth 


Time since Size (mm ) 

Mating (days) (C R Length) 
17-18 5 5- 60 

19 7 0 

20 8 0 - 00 
21 10 0 

22 115-120 

23 13 5-14 5 

23 5 15 0-16 0 

24 14 0-15 5 

244- IGO 

245 170 

? 17 5 

2o 19 5-200 

26 210-22 0 

27 22 5 

28 200 


Time since 

Size (mm ) 

Mating (days) 

(CR Length) 

29 

20 0- 28 0 

30 

27 0- 30 0 

31 

36 0 

32 

37 0- 38 0 

33 

37 0- 380 

35 

45 0 

36 

50 0 

40-41 

080 

42 

800 

45? 

900 

47 

900 

49 

100 0-102 0 

50 

102 0-103 0 

54 

1120-1150 

CO-63 • 

135 0-150 0 


• Newborn 

Liktet Size The size of litters vanes, tending to be smaller in \ 
young and old females The average number of ovulations is slightly 
over four (Gros, 1930, Algiers), and the mean litter size is 3 88 kittens 
(Hall and Pierce, 1934, California), but the range is from one to eight 
or occasionally more kittens One factor influencing litter size is the 
weight of the mother There appears to be a tendency for small 
mothers to have large kittens The birth weight of kittens vanes from 
70 to 144 gra , the mean being 106 4 gm (Hall and Pierce, 1934) 
Lactation. The female cat possesses five pairs of mammary glands, 
two of which are on the thorax and the remaining three on the abdomen 
(Rcighard and Jennings, 1935), but Turner and De Moss (1934) state 
there are normally four pairs A litter larger than eight is seldom 
successfully nursed Suckling is almost continuous during the first 
24 hours, but beginning on the second day the mother takes periodic 
leaves from the nest box 

There is no postpartum estnis m the cat, and lactating females 
remain ancstrous The lactation period may extend to 60 days, but 
at from 4 to 6 weeks, the kittens, by way of gradual weaning, may be 
given supplementary feeding It is usually best to leave the kittens 
wnth the mother for 2 months, although some mothers will wean their 
kittens by 50 days 

Lactation is quickly inhibited by weaning There is an accumula- 
tion of milk ID the glands for about 24 to 48 hours, but by the fifth 
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day practically all milk has disappeared The lobule-aveolar system 
will undergo complete regression if there is a period of SO days or more 
between one lactation and the initiation of another piegnancy (Turner 
and De Moss, 1934) Lactation is suppressed after hypophysectomy 
in late pregnancy even in animals which deliver living kittens (Allen 
and Wiles, 1932, McPhail, 1935) 

Estrus may occur as early as 2 to 3 weeks after weaning Bourg 
(1935) cites a case of impregnation 6 weeks after a parturition which 
was followed by lactation The anestrous period, following pregnancy 
without lactation, lasts, according to Evans and Swczy (1931), from 
2 to 4 weeks, but Longley (1911) gives it as from 3 to 6 weeks, in 
agreement with von Winiwarter and Sainmont (1907) Gros (1935) 
states that a new follicular phase may begin as early as the fifteenth 
day after parturition without lactation 

Superfetation. Several cases of probable superfetation in the cat have 
been recorded (Harman, 1917, Hunt, 1919, Marshall, 1922, Markeo 
and Hinsey, 1935a) In Harman’s case almost full-term fetuses (90 
mm crown-rump length) were present in both uterine horns A 
smaller embryo, 10 mm in length, was also found in one In Hunt’s 
case a cat gave birth to an apparently normal embiyo 14 1 mm in 
length, and 3 hours later a full-term living kitten was delivered In 
the case described by T^Iarkee and Hmsey two noimal kittens were 
born from the right horn, followed 13 days later by two more normal 
ones from the left horn It is difiScult to relate these phenomena to 
the facts known about tlic reproductive activity in the cat The cases 
described by Harman and Hunt suggest a fertile mating followed by 
ovulation and implantation relatively late in pregnancy, about 30 to 
40 days after the first mating The third case implies a second suc- 
cessful mating, either in a prolonged original heat period or in a 
normally succeeding one, i c , 2 weeks later In our colony occasional 
females gave external evidence of heat after the fourth week of preg- 
nancy and responded typically to artificial stimulation of the cervix 
(Dawson, lOlGa) In the case recorded by Marshall (1922) tlie cat 
cxpcncnced heat and mated, after being pregnant for 6 weeks Three 
weeks later she delivered five kittens, four of normal size, and one 
small one, apparently a thrcc-w cck-old embryo In midgcstation, 
heat may be induced b> injections of estrogen without causing abortion 
(Courncr and Gros, 1935b) 

Syiichorul latter Mates. These cases are of considerable interest, 
since they provide a possible explanation for the atypical sexual con- 
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ditions frequently found in male tortoise-shell cats In fused placenta, 
uhen the litter mates are of opposite sex, the male partner mig i 
exercise a free-raartm effect upon the female sufficient to cause com- 
plete sex inversion, an alternative hypothesis to the view that t c 
condition in the male tortoise-shell cat is of genetic origin (Bambcr, 
1922, Bamber and Herdman, 1927, Bissonnettc, 1928b, Bonnevie, 1925, 
Doncaster, 1904, 1920, Hayes, 1923, Little, 1920) The hormonal 
hypothesis was strongly urged by Bissonnettc (1928a), but the morpho- 
logical evidence was inconclusive, since the erabrjos were at a stage 
in which the gonads were not sexually differentiated In a later case 
described by ^Ylslockl and Hamlctt (1934) the male and female part- 
ners were of sufficient age (male 50 mm , female 61 mm , crown-rump 
length) that the reproductive tracts were well differentiated There 
was no evidence of hormonal modification, and the authors concluded 
that “the present findings do not lend weight to the hypothesis that 
sterile male tortoisc-«hcll cats may be scx-invcrted females, trans- 
formed by a hormonal influence resulting from the conjoined condition 
of two litter mates’’ (page 102). 

Pseudopregnancy. Pscudoprcgnancy occurs after any non-fertile 
ovulation, whether brought about by mating with a vasectomized male, 
by mechanical stimulation of the cervix, or by hormonal treatment 
Lutemization in situ may also be effective The preimplantation trans- 
formation of the utenne endometrium is not dependent on the presence 
or development of fertilized ova, as has been shown by studies on 
non-gravid cornua and pseudopregnant uteri Such utenne changes 
may also be simulated by proper honnonal substitution even in spayed 
animals Normal pseudopregnancy, le , following sterile mating, ap- 
parently lasts for 30 to 40 days after the application of the inducing 
stimulus According to Gros (1935), the uterus is in repose on the 
thirty-third day, and the female is m cstnis by the fortieth day, while 
Liche (1939) states that pscudoprcgnancy lasts 36 days The data on 
hormonally induced pscudoprcgnancy arc much more variable 
Postnatal Development. Kittens arc born temporarily blind and 
deaf The time of opening of the eyes is variable, but they arc usually 
open by the tenth day The eyes may begin to open during the first 
or second week and may not be fully open until the end of the third 
week (Mellcn, 1946) 

Milk teeth arc cut during the penod from 11 days to 4 or 5 weeks 
after birth and are displaced by permanent teeth during the fourth 
to seventh months (Mellen, 1946) The incisors and canines appear 
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first; the second upper deciduous premoiars appear last (Stromsten, 
1947, page 152) . 

There is little evidence for a postnatal decrease in weight (Latimer 
and Ibsen, 1932; Hall and Pierce, 1934). The data of Latimer and 
Ibsen on the growth of twelve kittens (six males, six females) cover 
a period from the first to tlie thirteenth week after birth. The average 
weight of female kittens at birth was 103.92 gra., that of males 97.75 
gm. At the thirteenth week the male kittens had reached a little over 
40 per cent of the weight of the adult male (Latimer, 1936), The 
female average was 320 gm. less. Both sexes grew at the same rate 
until the eighth week; after that the males grew more rapidly. Hall 
and Pierce followed the rate of growth of kittens from birth until the 
fiftieth day. The influence of sex was not studied, and their data are 
in fair agreement with those of Latimer and Ibsen. 

Ovary. The ovary of the cat has been a favorite subject of study. 
The early and comprehensive morphological studies of Sainmont 
(1905), von Winiwarter and Sainmont (1907, 1909), and earlier in- 
vestigators have been reviewed by Kingsbury (1913 to 1939) in several 
papers on the ovary of the cat. Differentiation between ovary and 
testis is possible on the twenty-ninth day (Sainmont, 1905) . In the 
forty-day fetus the morphology of the testis is well established, and 
the primitive medulla and cortex of the ovary are evident (Kingsbury, 
1913). An account of the histogcnetic changes from this period until 
sexual maturity will be omitted. In early stages the interstitial cells 
are formed from modified stromal cells. After the appearance of well- 
defined follicles the interstitial cells form conspicuous bodies and are 
produced by the hypertrophy of thecal cells during follicular atresia 
(Kingsbury, 1914, 1939). Kingsbury (193S) found no evidence of a 
new formation of egg cells from the surface epithelium either before 
or after sexual maturity. He concluded that the stock of primary 
follicles established in the first few weeks after birth was adequate for 
tljc entire reproductive period. Interesting abnormal nuclear phe- 
nomena of the oocytes of threc-wcek-old kittens, including multipolar 
mitosis and multinuclcate cells, have been described by Sneider (1937) . 
Polyovular follicles are relatively common in older animals (Dederer 
1934). 

Corpus Luteum. coarus luteum of raEGNANCY. The development 
and morphology of the cori>us luteum during pregnancy have been 
recently described by Dawson (194ia). After ovulation tlic follicle 
is partially collapsed and filled with a clear, viscous — almost gelatinous 
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matrix (fle 5) There la no hemorrhage or leucocytic invasion. 
Mmf ells are ormed from the granulosa; the interstitial support v 
^ is derived from the theca interna. J 

nrim.loaa cclls (fig. 4) occur cvcu before ovulation (Dawson 
Iriedgood, 1910), and by the seventh day the 

typical luteal cells is almost complete. Corpora lutea reach maximum 



Tia 5 Section through a ruptured follicle 36 hours after the first mating. ° 
iDg the plications of the wall which mvolvc both the mural granuloea and t ew 
intcma. The lumen is filled with a viscous matnx which protrudes through ^ 
pomt of rupture. X18. (Dawson, 1941a ) 


size from ten to sixteen days after coitus (fig. 6) . After the sixteenth 
day Uic fine peripheral vacuolation of the cells disappears, and the 
cytoplasm of the luteal cclls gradually assumes a fibrous appearance 
which is complete at twenty-seven days. This change in the histologi- 
cal appearance of tl;e luteal cclls may be correlated with a transfer 
of control from the pituitary gland to the placenta (Dawson, 194Ga). 
Later the luteal cells become filled with numerous large vacuoles. This 
condition is highly developed by the fiftieth day and persists during 
the remainder of pregnancy. The fatty infiltration is regarded as evi- 
dence of regression and loss of functional activity. This conclusion, 
based on morphological evidence, is in agreement with the experimental 
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evidence of Courrier and Gros (1935a, 1936) , who found tliat from the 
eigiiteenth fo the forty-fiftii day, ovariectomy was invariably followed 
by abortion, but after the forty-ninth day gestation was not interrupted 
by this operation. 

CORPUS LUTEUM OF psEODOPREGNANcv. Pseudoprcgnancy induced by 
service with a vasectomized male lasts for about 36 days. The corpora 



Ftc. G. A cotjuis of apjiroximaK'ly maxuuum size, ca. 14 ilays after mating: the 
cmlirj’os rccovcml li.ul ^evcn pairs of {joiiutcs. a lc\el of diffcronliiitiou atlained 
at Uic time of impiantation. X^S. (Da^.^on, lOllu.) 


arc fullj* developed by 13 days, and 2S daya after copulation regression 
begins, >jinuU:incously with the appearance of growing follicles which 
will initiate a new cycle (Lichc, 1939). Our observations on corpora 
luteu of p.xeucloprcguuucy, induced by ccr\*ical atiimilation, do not ex- 
tend beyoiul the twenly-scventli day. At this time coarse vacuolation, 
cbaractcriilic of regresaion in lute pregnancy, was becoming apparent. 
Other criteria s\ich as the time of onset of heat after pseudoprcgnancy 
and the histological appearance of the utcrxis also sen'e to delimit the 
jHJriixl Ilf i).>‘e\idoprig«ancy, although they do not yield direct evidence 
on the functiomil life span of the coqKira. Thus Oroa (1933) found 
that after sterile ciipulalitm the uterine changes were mainlaitictl for 
23 day«<, uilh rvgix— iun to the resting Ie\cl on the thirty-third day. 
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The data on the length of aclnitt of corpora formed, after 
induced by hormonal trcatinenl‘« arc more ^ an iblc In mo t m 
the plnsiological re'jpon^-c of uttnne mu«clc to idrcnalm \\as u e 
te t for the pre=cncc of progc terone In non pregnant uteri a rena 
cau=es relaxation of the f-mooth mu‘-clc, while in prcgnai^ u cr* 
causes contraction — the called rc\tr-al re pon'C (Van Dy c an 

Gu«ta^«on 1929) Foster and Ili^aw (193o) found that the adrenalin 
rcNcr'a! response was maintained m experimental p‘-cudoprcgnanc> 
until the fort) fourth day, but Van Dyke and li (193S) 
secure this re ponsc after the twentieth day The significance o is 
response as a te t for the presence of progesterone is further di cus e 
by Van Dyke and Chen (1939) 

posTPAiiTUM coRPUb LUTtuM Tlic corporR lutca of Hetatmg anima s 
gne some evidence of a mild rejuvenation by the end of the fir«t wee 
after parturition There is increa«cd vascularity and loss of coar c 
vacuolation which is characteristic of corpora of late pregnancy T ns 
response may be due to the rapid release of pituitary prolactin (lutco 
tropin) These changes were not observed m animal* from whom the 
kittens had been removed at birth It is estimated that the total Ufe 
span of the corpora may be as long as 6 to 8 months, and it is 8U®pcctcd 
that lactation tends to prolong the life of the corpora (Daw “on lO-lBb) 
Oviduct During ancstrus the total epithelium is low and ciliation 
18 inconspicuous There is no mitosis \\ ith the onset of e«trus, 
mitoses are found and the epithelium becomes much taller, glandular, 
and well ciliated (Foster and Hisaw 193o Gros 1936) 

The oviduct joins the uterus at its extreme anterior end and on the 
mesenteric side then turns to terminate in a low papilla There is no 
sphincter like thickening of the muscle, but the tube uterine junction 
has a valve like action which prevents the passage of fluids from the 
uterus to the tube (Ander cn 1928) 

Uterus UP to implvntatios The morphological changes in the 
endometrium of the cat uterus from the anc«trous condition until the 
time of implantation have been described by Foster and Hi«aw (193o) 
and by Coumcr and Gros and by Gros in a series of ®hort papers 
which are summarized and extended in the doctoral thesis of Gros 
(1936) A comparable study has been made by Daw®on and Ko ters 
(19i4) on carefully timed material in which the condition of the uterus 
was related to the «tagc of development of the corpora lutca 

Three more or less distinct pha^-cs are recognized an ancstrou® R 
procstrous and estrou* and a luteal pha=c The luteal pha=e may be 
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divided into two stages coinciding with the first and second week of 
the preiinplantation penod. In the anestrous uterus the glands are 
straight, nariow, and relatively short. Their epithelium and that of 
the surface are low and flattened and no mitoses are present. During 
proestrus and estrus, the glands dilate but lemain straight; their epi- 
thelium as well as tlio surface epithelium increases in height, and an 
appreciable numbei of mitotio figures appear (fig 7). 



Tiq 7 Utcuis of a cat m the sccoml day of estrus The glands are still almost 
straight and extend to the b.u>c of the endometrium TJicy sliQu some dilatation, 

and tlie epithelium is tall, columnar. X-^O (Dawson and Kosters, 1944) 

In the early luteal phase tlic glands enlarge rapidly and become 
tortuous, and the intervening stromal tissue is greatly compressed. 
Large deposits of glycogen accwmulatc in both the surface and glandu- 
lar opitiicluim, chiefly in an infranuclear position, displacing the 
nuclei apically (figs. S, 10, 11). After the beginning of the second 
%\cck the glycogen deposits arc rapidly reduced and the superficial 
mucosa is tlirown up into narrow folds so that the cndonictriura is 
divided into a superficial dentate or fringctl zone and a deep spongy 
(glandular) zone (fig. 9). The glycogen stores are depleted at the 
time of imiilanlatiun. 
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The location of tlic sites of future cmb^omo 
recognized as early as tl.e bcgmmuB of the tli.rteentb 
marked by utenne dilatations from 9 to 10 mm in diameter ( 
and Gros 1932e) As each of tbc free oral blastocjsts enlarge 
cornua a circular equatorial zone of contact is Cstabll “ 

endometrium and implantaUon begins The placenta is accordingly 



nuclei of the surface epithelium X'lO (Daw on and Ko&ters 1911) 


zonary m form Histologically it is cla^'^ificd as a placenta cndothelio 
chonahs The paraplaccntal chorion derived from the two polar 
regions of the blastocyst remains «mooth but closely as=ociated w^th 
the utenne epithelium Tlic junction betw cen the unmodified chorion 
and the placenta is marked by the brown border,” produced by 
hemorrhages of maternal blood into a restricted zone between the mem- 
branous chorion and the utenne surface (\\ islocki and Dcmp=cy, 1946) 
IMPLANTATION AND PLACENTATION Further details regarding the 
development and organization of the placental labyrinth may be found 
m some very old and some recent studies (Duval 1893 to lS9o, Jenkm- 
son, 1913, Hcmricms, 1914 Grosser 1927, Mo«man 1937, AVislocki 
and Demp«ey, 1945, 1946) Certain of the factors influencing uterine 
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growth during pregnancy have been studied by Hinsey and Markee 
(1935) and Markee and Hinsey (1935b) Inteiruption of the thoraco- 
lumbar sympathetic innervation of one horn had no observable effect 
on the growth of the uterine horn or on the growth and distribution 
of fetuses A local factor, distention, seems to exert its influence on 



Fiq 9 Uterus of a cat 10 days after a succc^^ful mating The surface of the 
endometrium is highly modified ic is thrown up into narrow tooth hhe folds bo 
that the ulermc glands now dikmi into crypts lined with typical superficial cpi- 
theluim The zonation of the mucosa into an outer compact and inner spongy 
zone IS pronounced XI® (Danson and Ko ters 1944) 

all components of the uterine horn, including tlic endometrium Total 
simpathcctoin> (Cannon and Bright, 1031, Simconc and Ross, 1038) 
m vj imp ur the procc-'SCs of reproduction, resulting m frequent abor- 
tions and btiUbirtha, and interfere ^vlth lactation c\cn when parturition 
is normal 

souMAL PsruDOUjFCNANcy The uterine changes during normal 
p'tudoprtgnancj after sterile coitus or ccnical stimulation parallel 
c)oitl> those of pixgnancy, cspeciaUj in the prcimplantation period, 
althuugli they nnv not always occur at a comp irablc rate With the 
lo'S of luU d acti\it> there w a Icutotvlic infiltration of the endo- 
melrul frnit,t, winch is fe^raihi illj reduced by dissolution and sleugliing 
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ABTiriciiL AcnviTioN OP THE BTEEis Artificial pscudopregnancy 
may be induced by the «ub-titutloii ot injections of appropriate extrac s 
for the normal secretions of the pituitary gland, thereby evoking e 
normal activity of the ovary, follicular maturation, ovulation, and 
corpus luteum fonnation with re-ults quite comparable to normal 
pscudopregnancy (Couiner and Kchl, 1929, Foster and Hisavv, 19 o) 



Fic 10 Epiihcliutn of utcrme surface at the end of the sislh day after maimS 
The nuclei are displaced apicali> because of basal accumulation of gl> cogen 
X720 (Dauson and Kosters 1914) 


Usually, lc«3 complete actuation of the endometnum is obtained by 
making direct substitutions for cither or both of the normal o%anan 
hormone^, and in man^ instances the degree of success has been meas- 
ured m terms of the utenne response (Ro\^ lands and McPhail, 1936, 
Gros, 1939) "Many diftcrcnt extracts and hormones have been u*cd on 
cats, under ^idcl> ■\arjing physiological and experimental conditions, 
including immature, anc^trous, spayed, adrcnalcctomizcd, hypopby- 
sectomizcd, and pregnant animab The results cannot be analyzed 
here, but a summary citation of the more pertinent literature aviH be 
guen The effects of pregnancy urmc extract on immature and mature 
female cats ha\e been studied by Bourg (1931 to 1935) Windle 
(1930) induced mating and ovulation m ane«trous females after treat- 
ment with pregnancy urmc extract and a pregnancy serum Starkey 
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myometrium and endometrium exhibit progressive involution which 
continues for the duration of lactation (fig 12) The degree of regres 
Sion 13 comparable to that seen in females ovancctomized for a similar 
period (Dawson 1946c) 

Vagina The anestrous vaginal epithelium consists of few layers 
of cells In proestrus there is a gradual increase in the number of cc 



Fic 12 Uterus of a cat which had delivered three kittens and had nursed them 
for 63 days There is great involution of both mjometnum and endometrium 
X20 (Dawson 1916c ) 


layers which reaches a maximum m cslrus with several layers of 
superficial comified cells There is a continuous sloughing during 
heat which becomes accentuated at the close of this period, accom- 
panied by leucocytic infiltration The vagina is relatively quiescent 
during the prcimplantation period and after implantation (Foster and 
Hisaw, 1935, Gros 1936) 

Hj'popUj'sis in Reproduction The antenor pituitary gland is essen- 
tial to the maintenance of pregnancy until the last 8 to 10 da>8 of 
gestation (Allen and Wiles, 1932, McPhail 1935) Cytological evi- 
dence suggests that a specially modified acidophile may be the source 
of the luteinizing and lutcotropic hormones (Dawson, 19-16a) The 
gonadotropic potency of the antenor lobe, tested by the ability to 
induce ovulation m the rabbit (HiU, 193-1) , is the highest m the normal 
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male (3120 units per gram of tissue), reduced m the castrated male 
(1230 units) , and lowest in the female (SOO units) The stage of the 
female reproductive cycle was not indicated However, IMagistris 
(1932) found that the female hypophysis was tuice as potent gonado- 
tropically as that of the male (immature mouse test) The lactogenic 
content is low in the ane&trous female (65 B U per gram of tissue), 
high in the breeding season (224 BU), and lowest in the male (37 
BU ) in the non-breeding season (Reece and Turner, 1937) 

Genetics. Although information in inheritance is important to ani- 
mal breeders, no attempt will be made to review the extensive litera- 
ture on the genetics of the eat Reference has already been made to 
the sex-liiiked, yellow mutation m discussing the sexual condition in 
tortoise-shell males, which are nearly always sterile The eirly litera- 
ture on inheiitance of cats has been reviewed by Bamber (1927), and 
Castle (1930, 1940) has summarized the information on the more 
common mutations and their mode of inheritance (table 2) 

TABLE 2 

SoMr Glnb Mutations of the Cat* 

(The JomiQdQt cli'iractor appears first id the column ) 

1 Tabby, black 

2 Bhck (ol Snmc®o) tabby 

3 Black, >ctlo\\ ('•cv imked) Kctcroz) golcs tortoise slicll 

i Intense dilute (blue cream) 

5 Full color, Mh er Burmese Siainc'e (an albino senes) 

0 Coat ^\luto (eyes colored), coat colored, dominant sublotha) deaf when blue 
eyed 

7 Unspotted, piebald (Dutch type) 

8 Short hair, long hair (Angora) 

9 Short tail (Manx), nonual tad Homo^gotes, tailless 

10 Polydactxl, normal toes 

•Cafellc, 1910, p 159 
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INTRODUCTION 

The ferret uf Lnt,liind ami America, ximoii^ly c illed Pu/onw 
mdgarw, P /octidu? uulgani, or Uuatcla jmtontia. n bthtvul »y o‘ 
authors to bo a domestic ited ^ttnel^ or ilbmo mutant of the \'i 
polecat, Putonua focUdus, of imrlhtrn and ctntr.d Uuropt, ongma J> 
introduced there from northern \fnca before tlic time of lMm>, " || 
described its iwe m hunting rabbits The tame ferret ami its t'l 
relative interbreed frcel>, and the h>brid3 arc bclievcil . 

color varieties appearing even m the ^ imc litter mlb white kits j 
exact ancestry is still m question, however Other authors think is 
ancc«tor came from southe istcrn Asi i Aside from the color p 
just mentioned, the tame ferret has pink c>cs and jellow -white ur, 
so coarse as to be of little commercial value In Cngland, there arc 
two fairly common color pha-es, the "jKilccal" ur “black, with creamy 
under fur and black guird hairs, ind Uic cbucol ite brown, with brown 
upper parts and black under parts and a few scattered light hairs on 
the face Either or both of these maj be called “polecat ferret m 
England, where the brown one is believed to result from cro-sing tic 
white lerrct with the wild polecat Doubtle-s other color phases wi 
be met with as more attention is paid to such “sports, ’’ as is the case 
with mink of late years 

The ferret reaches a body length of fourteen inches with tail o 
about fiv e inches In England there seems to be a larger strain hen 
mature, females are considerably smaller than males in both strains 
Some common names for ferrets and polecats and their hybrids, other 
than white, are fitch, fitchew, fitchcl, fichcn Tame ferrets raised m 
Amenca were probabl> introduced from Europe, wliere tlicy Lave 
been used m hunting rabbits and rats, and for taking ropes tlirough 
long underground pipes 


234 
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Native or wild species of polecat are found in Europe, Asia, Africa, 
and the middlewestern states of America They 

1 Putonus foetidus, of north-central Europe said to have been 
introduced from Africa, now lare in Bi.tain, dark brown above black 
below, with face mottled with light hairs, fur long and coarse, stronger 
and less active than the marten, and raiely tree climbing 

2 P eversmanm, of northern Asm 

3 P sarmaticus, from east Poland to Afghanistan, fur white, mot- 
tled with reddish spots above 

4 P mgripcs, the black-footed polecat of the midwestern plains o 
North America, fur creamy yellow, with brown legs ““d Wa^ ^ 
and tail tin length up to two feet in some specimens in addition to 
tL tail No hybrids of this species with the ferret have been repor ed 

Classification is based upon skull mcasuroments in addition to sise 
and coat color, as for weasels or other Mustehdac All the above- 
listed forms have similar habits and eat small mammals up to labbit 
size snakes, lizards, frogs, fish, eggs, and birds, particu nrly poultry 
Like weasels feircts and polecats will kill fai more than they can 
eat if they get loose in a chicken coop Wild female polecats bear six 
r w 1 , 1 = Anril or May after about a two-month gestation 
permd As\m 11 be seen, the tame fenet does better than that and 
often has two litters in one spring .ind summer season. 
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Domestic ferrets arc easily tamed, the white ones more readily than 
the dark, but show little or no real affection, even for heir masters 
who feed them, they act as neutrals rcmales often eat their young 

when improperly am'viemus bdmrihrn 

wdd m Ica'cTand lung on like bulldogs It is said that their grips 
1 1 „.,i hv nrcssuro of the thumb just o\er the e>es Until 

"Ztik they should be handled with thick leather gloves They may 

their “snc-ikb up on them" from behind and grasps t!iem 

hand in the g - I ^ thumb and fingers meet under 

“untie" Tliein When tamed by hmdhiig m this manner, they may 
. , ■ ,1 I.iints ind seldom bite unless hurt or teased Tlicy 

be handled w. houl gloves 

seem alw.iys to siuii at a movii „ 
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by things m front of them Another method of catehmg them 

,s to turn the fingers of the nglit hand don nnnrd spread ^e index 
anger away from the middle finger like a forked btick, ‘ . 

angers do^n over the neck from above with the nose toward the palm 
of the hand The writer has not been able to perfect this techniq , 
which he saw Dr John Hammond, of Cambridge University, use very 


expertly , , j 

When angered or excited, ferrets emit, from two scent glands unacr 
the tail, a peculiar pungent and penetrating odor like tint of a wcasc , 
very offensive and nauseating to some per-ons and animals lienee 
the name “foctidus” tor the polecat The odor is much less powerful 
and docs not spread as far as that of the skunk, its not too 
relative It is perhaps caused by one of the racrcaptans like tha o 
the skunk, or a sulphide of an alcohol, in which the sulphur replace- 
oxygen The odor is very persistent m clothing and m room** 

Although wild polecats arc not sensitive to cold and damp, ferret •> 
are, and must be kept in dry, clean, well-ventilated rooms, cages, or 
hutches, protected from cold drafts They are also very susceptible 
to "foot-rot,” like that of sheep, an itch, like scabies, which causes 
swelling and scaling off of the toes and feet and spreads Onally to the 
ears and mo«t of the body Strict clcanhnc's and watchful care arc 
the only way to prevent it, and, m our experience, there is no really 
effective cure Eventually foot -rot kills the animals 
Methods of housing the animals depend largely upon the type of 
experiments to be earned out or the numbers of animals to be kept 
Some >ears ago we secured several ferrets, at intervals, from W E 
Canens, Route 1, Port Clinton, Ohio, who was breeding ferrets up to 
2000 or more per season for sale and for “ratting " In the little 
booklet which he sends to his clients, he recommends a dry clay or 
wooden floor for each pen, cleaned out once weekly by removmg all 
straw, scraping the floor to get nd of all droppings, spraying floor and 
walls with naphtholeum, u«cd one part m ten of water, to sweeten and 
disinfect the pen, and replacing plenty of clean wheat ‘•traw on the 
floor At mid-week he adds more clean straw to refre-h the footing 
He thinks oat straw is irritating and leads to mange and scurvy But, 
smee many animal breeders fail to realize the«e are due to infection 
and deficiency of vitamins, Canens may well be missmg the real 
causes He also runs tlie males and females together jn large pens 
from August to late January, when he separates the males m mdi- 
vidual cages and lets the females run m lots of five or six until four 
weeks after they are bred, in boxes 3 by 4 by 3 feet m size, without 
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1 . I Hiv roorn, ficc froin cold damp 

tops These boxes roust be . E . V Uttering, the 

drafts At 2S days after , eienn straw, 

females are separated into '“dwnlu I 

and left undisturbed until a e and helps to prevent 

separation Keeps the females boxes the straw 

them from eating their young j 

or shavings used for beeoine chilled and 

irrVufrpenmrntTworiv with 

Sht roltl" 

'1n‘^DfVVl''“aU-s laboratory at Cambiidge, England 
Or 1 XI j._« r\n ^itn+nncriodic control of sowifll 

whore we first used ferrets in s u , j jaKe care of them, we 
and breeding cycles and rabbits In them we kept 

used the same wooden excelsior, or shavings m the rear 

individual ferrets or pairs, witl . ^ 

of the pens for nesting places outward to permit feeding 

convenient “pen^d,^ The' dimensions of these pens are 

ro?:m;:i'tanrbut they can easily accommodate one or two ferrets 
If one rabbit is not too , 0^0 of pens One, which 

In this country, we between different experiments 

we found useful for cairying o matings, 

and for breeding and rearing t'>o fcj 

was a set of six ' rabbit "tn wer^’by dTby^ 6 inches, 

pens each The ivire mesh for sides, bottom, 

with wooden comers and I > trays of gal- 

and top Under each P®" ' maag The front side of each pen had 
vanned iron to eatch «'« ''™PP ^ placed a wooden box. 

Its door hinged at one end ^ J ^ 3 

without top, 16 by ^ f bottom for nesting Any number of 
shavings or accommodated in these pens Cleaning 

ferrets up to six can y j, the mesh on to the trays and 

IS very easy, as d™PP'"6S M Lntected or flamed Small Kits 
can bo cleaned away and tli > thiough the 

remain m the nest boxes until large b 
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me^h An electric light for controlling rcprocluctue or pelt c>clea is 
easily placed in the pen so as to shine in both nc~t box and outer pen, 
to prc\cnt the animals from hiding from the light ivhencvcr it is 
turned on 

For individual cages during controllctl experiments in smaller space 
^\e ha\c used smaller pens grouped in three tiers of tuo pens each 
(figs 2, 4, 5) Tins permits members of the two sexes to be subjected 



lia 1 Part of ferret room showing cages modified for weasels m foreground 
exhaust fan m window extra wire runw»>s and wooden dens Metal ferret cages 
m four tiers described in text in rear of operator Darkroom m right rear 
Racks for holding den runway 6>8tcms to gne motihty 


at once to the same treatments Thc'e cages may be with or without 
exercise cages of wire mesh attached to the rear face of each pen The 
pens were 23 by 15 by 12V^ inches, inside, with sides, floor-^, and doors 
of y 2 inch wire mesh and the back of wood Mhen the door is open, 
a galvanized iron tray is slid mto each pen, with sides and back 8 
inches tall, no front, and floor or bottom 14 by 21^ inches The door 
clones properly when the tray is m place Trays are interchangeable 
for cleaning and disinfecting Through the side of each tray, next the 
adjacent pen, and through the back are cut ZYs-mch round holes cor- 
responding to similar openings in the wooden partitions, for doonva>s 
to the other pen or to the wire runway on the back of the pen The«e 
have metal disks attached so as to cover the holes when desired and 
through The exercise cages are 
by 13/2 by ISy. inches with all sides, top, bottom, and far end 
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K-w, 

fitted to the back of the pen above ^ ^ « 

and the pens are bedded vith sl.avmgs sawdust or 
the animals off the metal floors a icn co 

We also used metal ,,erc removable and rested 

and tops (except in the top tier) 



^ ,K_pe tiers of two pens each, some Tvith Tum\a>s 

Tia 2 Ferret pens of wood m Drmking vessels m place, metal 

of wire mesh uscd m lighting v ,n place in sockets inside pens One 

pans to facilitate d^sh is on top of runway 

, 1 io nnns for droppings and refuse These were 

above sliding P,y„,,„an„ cLpany, Baltimore, Md The 

secured from the Oco n 22 inches They were 

dimensions of these pens ^ plywood platform was 

bedded in the -““-ffltucen behind operator, fig 1). 
inserted above the i nation of den and exercise cage used was 
The most ile\ib e c usc^ by local mink breeders and 

an adaptation ° a„d Bailey, 1940) (figs 1, 3, 4, 5, 6) for 

described by no ( small mammals The dimensions used for 

use with weasels an j^uble those gnen there, or more Use of 

weasels were 
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these requires more floor ‘^pact than the cages previously described, 
because the double unit« of den and cage cannot i\cll be used in \ertical 
tiers, as was done with the others But the arrangement is more 
flexible because the dens and cages arc freely separable and inter- 
changeable for cleaning and disinfection, or for other manipulation 
of animals, without manual contact with them 



For use m rooms, under co\cr from ram and snow, the dens are 
wooden boxes, 18 by 22 by 20 inches, outside measure, with removable 
plywood co\cr& which slide m and out under a cleat along each side 
and at the end next the runway The cosers are held m place by 
pushing a wire nail down through them just inside the box (fig 5) 
This pre\cnts the animals from freeing the hd Co\ers may be light- 
tight or may admit some light around the edges, as desired (fig 0) 
Under each plywood cover is a false top consisting of a rectangular 
wooden frame, co\ered by ^-mch soldered gabanizcd wire mc»h, 
which fits snugly inside the box, renting on two cleats and held in 
place by two wire finishing nails inserted into it through two holes 
m the sides of the box near opposite ends, one on each side The false 
tops are removable for cleaning and for handling the animals, as 
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needed. If the animals tear at the wire of the false top a sheet of 
glass slid along just under it will discourage them until the habit s 
broken, when the glass may be removed until needed “8““- 
side use exposed to rain and snow, the real top fits down over the box 

and is light- and water-tight. , . , i 

The interior of the box is divided lengthwise, by a wooden par tmn 
half the height of the box, into a bedchamber, partly filled ^ 
ings or sawdust for the nest, and a hallway, from which a pioper-sized 



- , ■ r J is in line with a similar hole in the near 

round opening for a doorway is in nue 

wall of the runway, also of wood. , , „„ 

About 3 inches from the top of the box and next the runway is 
centered an eyebolt with the eye projecting outside the box to pass 
through a slot at the same level in the wooden near-end of the runway^ 
A suitable-sized wire nail is passed down through he wire me h and 
the eyebolt (figs. 3, 5) inside the runway, with its head projecting 
ubovJtL wim, m hold the den and runway fl™ly together (Dimen- 
sions shown in fig. 3 should be doubled as they were for use with 

weasels, much smaller animals.) . i/ inch 

Of the runwav the top, bottom, sides, and one end are of Ve-incl 
galvanled wire mesh, securely wired together with overlap, ‘o jeven 
.imng apart - 

icccivf the” eyebolt, as described above. The dimensions are IS y 
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36 bv 16 mchea for tenets. A short metal strip is soldered to eriead 
vertically downward from the far wall of the runway to hoo o' 
nail suitably placed m the rack nhich supports the 

(fics 3 4 5)- This prevents the whole unit from upsetting by r ~ 

of the overhang of the den at the other side of the laclt. A wire-mesU 



door in the top of this runway, suitably fastened to keep the animals 
in, makes feeding and catching the animals by hand an easy matter. 

Two dnnlung vessels per runway may be used to contain water 
or milk or both as desired. The ones we have used (figs. 3, 4, 5) con- 
sist of a l*/^-inch glass tube drawn out at one end to to % inch 
diameter and bent at right angles. The large vertical part is stoppered 
with rubber cork, and the curved horizontal part projects through a 
small opening in the wire near the floor of the runway, where the 
animals will not defile it. In the upper side of the horizontal part is 
a hole large enough for drinUng, and very little is spilled. Each vessel 
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is kept in place by two fine wire springs of suitable strength stretched 
across it near top and bottom and firmly anchored to the wire mesh 
at each end. The bottom spring must be strong enough to hold the 
opening in place for drinking (obtained from the Geo. H. Wahmann 
Company, Baltimore, kid ) . 

These double units, of den and runway, may be placed side by side 
in groups up to five or more as needed, across racks or wooden frames 



Fia. 6. Putting dcn-runway s>stem into “darkroom” for short-day experiment 
Ilacka on large costers; pl>«ood roof of den m place o^e^ >Mrc-mcsh false top 


on legs with large casters for motility. The height of these racks 
should be about two feet; the other dimensions and the type of wood 
can be changed to suit the circumstances, and in keeping with the 
sizes of the dens and nmways (figs. 1, 3, 4, 5, C, with changes to suit). 

Advantages of tlio system arc: Grouping on racks with casters gives 
easy movement on cement floors in cleaning and hosing or mopping up 
droppings. Up to five units can be easily lumdled with enough flexi- 
bility for experiments on groups of animals caged individually or in 
pairs, but trcate<I similarly. Multiples of thcao numbers do well ns 
controls and experimental groups. The wire niimnys can be cleaned 
and disinfected by dipping into boiling water and effective solutions 
or by rapid flaming. Dens can bo oiwncd, fcunncil, dipped, aire<I, or 
painted. Animals can bo easily changed from one to another com- 
binatiun Ijy sli]»piug a metal shingle between dtn and runway to cover 
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the door and retain the animals m one, while the wire nail is removed 
from the eyebolt and the other removed and replaced Replacing t c 
nail through the eyebolt locks the new unit m place Matings may 
be permitted in this way without handling the animals, and anima s 
can be transferred to pens with glass sides for photographing > 
inspection of units prevents escape Such units can be piled in 
space while not in u^e They are particularly adapted for u®e wi 
small quick animals like weasels that may be vicious, by reducing 
handling and injury to a minimum Feeding is easy The materials 
are easily available and new features to suit conditions can be added 
for new experiments This type of installation is not expensive 

The pens above described may be kept in convenientrsized base- 
ment rooms or others with cement floors and a sink hole, with remov- 
able perforated iron top, leading to the «cwer by a wide pipe winch 
does not tend to clog with depo«its from soupy wastes This arrange- 
ment permits easy cleaning and disinfecting of the room with ho«e, 
spray, and mop or broom Air should be drawn out continuously dur 
mg the day by an elcctnc fan m one of the windows, controlled by a 
time switch to go into action early in the morning and shut off after 
nightfall (fig 1) This removes odors to the outside in case there 
be persons m the building who resent such odors, and draws air from 
the rest of the building which is kept at a comfortable temperature 
It also prevents dampness 

kletal containers o! convcmcnl “izc for storage of straw, shavings* 
excelsior, or sawdust for bedding, and other containers for feed, a 
power driven meat chopper, and an clectnc water heater, for use 
when steam is not available from the heating plant to give scalding 
water to clean utensils and pens may be kept m the same or adjacent 
rooms A refrigerator to keep milk which forms a large part of the 
food of ferrets and for vitamin concentrates, which are sometimes 
used, IS also helpful 

REPRODUCTION 

The ferret has a long autumn winter period of sexual quiet or 
anestrus from Htc August or early September until March Without 
artificial manipulation of lighting cycles or endocrine treatment ferrets 
Ime not been known to breed during that period m the northern 
hemiephere They show a similar period m the southern hemisphere 
from March to late August By reversing cycles of day length and 
controlling them, the animals can be induced to come mto heat or 
citrus and mate at any desired time of year Two or perhaps even 
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three litters can be produced in one normal season if conditions of 
lighting and nutrition are favorable and matings are secured as soon 
as possible in the spring and after the weaning of >oung 

The complete normal sexual cycles of females were studied at Cam- 
bridge, England, by IVIar&hall (1904), Hammond and Maisiiall (1930), 
and Marshall (1933) m detail, and modifications of their sexual cycles 
by light control by Bissonnette (1932, 1935c, 1936), Marshall and 
Bowden (1934, 1936), Hill and Parkes (1933b, 1934), and Allanson, 
Rowlands, and Parkes (1934) The sexual cycle of the male has been 
well described by Allanson (1932), and its modification by controlled 
lighting by Bissonnette (1932 1935a, 1935b), Hill and Parkes (1933a), 
and others The relation of this modification to the anterior pituitary 
gland and to pelt or hair cycles was described by Bissonnette (1935d) 
Ferrets are almost ideal for study of sexual periodicity because the 
sexual condition in females can be learned by casual inspection of the 
vuUa, which swells greatly and becomes turgid as heat oi estrus 
comes on This obviates tlie need to take vaginal smears to ascertain 
the stage of the cycle In males, the size and position of the testes 
as learned by palpation give a good indication of cexual state Will- 
ingness to mate and presence or absence of sperms in the exudate from 
the vulva of tlio female after copulation, followed by piegnanoy or 
P‘*cudoprcgnancy, are excellent criteria of hormone activity or germinal 
epithelium of tlie testis, respectixcly Both sexes are relatively small 
and easily kept for breeding and experiment on a standard system of 
care and feeding, and tlicy become tame and easily handled 
Normal C)cles In females not mated, cstnis lasts continuously 
from ^larch to August, signalled by great bwclhng of the vuha and 
«ccrction of serous fluid in the receptive period There is some slight, 
more or less cyclic xarntion m the size and turgidity of the vuha, 
but the xuha docs not subside until ancstnis begins late in August 
or during pregnancy or pstudoprcgnancy, which follows o\ulation 
without fertilization and lasts as long as real pregnancy Ovulation 
occurs only after prolonged coitus witli males, eitlicr fertile, or sterile 
from incomplete actnation or va‘^cctomy Successful coitus may last 
from about ten minutes to three liours, and follows a very sadistic 
courtship of an hour or more Swelling of tlie xulva recurs with a 
-econd or c\cn. a third estrus after p-cudojircgnancy or pregn intv and 
suckling, before laic AugU‘«t, at which tune the autumn-winter unc^t^us 
comes on witli shortening di>s Should an animal become pregnant 
just before this occurs, it will complete lU gestation period of 12 dajs 
(Ilaimuund and Marsiiali, 1030) 
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Males exhibit a shorter qmc.ccnt penori for “'““S’clobcr 

by a reduced condition of accc«-orj ‘ex 

to January during rih.ch period no ‘penna arc P „ 

jmides are empty of ‘perm March imnimuni 

Testes reach maximum ‘izc in relation to ii eight in ’ . 

size in October, after nhicll germ cells increase in * 

December (AUan«on, 1932) , 

Copulation and Ovulation In the ane-trous season the ma ^ 
no attempt to copulate and the nicinbers of both ^ , ‘/begin 

like kittens But as Uic estrons period approaches, ‘'“= no 

to take an interest in the females Ancstrous ma cs in 
sexual interest in females even in those brought into complet 
artificially, but play nith them in the off-season been 

the females attempt to induce copulation After the m 
subjected to added lighting, for only tno necks, his „ 

estroua females changes and he IS very much mtcrcstc in i 

and attempts to copulate, he may even succeed in it and b 
locked to the female The males arc normally ready to , 

late Pebruar> , but are not prwiucmg the ncctsairy 'pciros m “ 
numbers to be fully fertUe until about March Ul The females become 
receptive m March and Apnl, depending upon their previous ngnv 


Courtohip of a female m complete heat or e=tnis, by a vigorous > 
potent male, as stated above is a vcr> rough and violent performanc , 
«o much BO that the wntcr, when he first witnessed it, feared he wou 
lose his female and a-^ked the laboratoiy a.-istant, who was 
with the performance, to ‘ get the female out of there before le i 
her” The reply was, *\ou have not «een aD>'thing >et He wi no 
do her any permanent damage ” . 

The male gra«=ps the female by the nape of the neck with his teet , 
apparently in a preferred "pot where it docs not seem to hurt as muc 
as at nearby places and drags and throws her about for perio s up 
to an hour If he grasps the nght '=pot, she offers no resistance to this, 
but when hurt emits little plaintive squeaks or whines If 'he x» do 
m full heat she fights vigorously and he finally desists She shou 
be removed to be tned again later \\ hen 'he is limp and apparent > 
almost comato e, with ej cs nearly closed, the male, still holding er 
firmly by the neck, proceeds to attempt coition Entry may ta e 
from several minutes to half an hour, and cventuallj the penis is 
imerted into the vulva and vagina and pushed home with 'trong 
convulsive thrusts while the female is held between the forefeet an 
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iiir Kv tlip hmd feet The bone of the penis (os penis) is almost 

» ~k.11 - Itak. -1 • “ 

at tL distal end, and is anchored firmly to the symphysis pubis by 
haaments After the penis is firmly locked m the vagina, the male 
retains his grip on the neck and the animals remain locked together 
for as long fs three hours During this time there are periods of quiet, 
while the animals he on their sides, alternating with grinding, thrust- 
ing spasms like those by which complete entiy was achieved 

While the animals are locked m this manner they can be picked up 
by grasping the male at the shoulders and back They remain locked 
unlL teased or shaken, after which they separate and the coitus is 
over The result, however, can be pregnancy, or pseudopregnancy, 
after a copulation as short as twelve minutes, if the male is completely 
potent and fertile There must be an excess of sperms in the ejaculate 
to insure fertilisation Small amounts are ineffective One male 
should not be used tor matings with more than five or six females m 
a limited time, if certainty of large litters is desired, lest his ejacula- 
tions tall below the minimum effective quantity of semen or the sperms 
be imperfectly matured m the epididymides 

On separation, the male may be left with the female or he may be 
removed The same female may be induced to accept eopulation as 
often as three or four times in two days by placing her with a vigorous 
potent male or with successive males One successful copulation leads 
to ovulation between thirty and forty hours after the animals become 
looked In some cases, after thirty-four hours ovulation had not oc- 
curred, and at thirty-six hours eggs were m tlie oviducts The time is 
variable Ovulation results from a stimulus from the orgasm to the 
anterior pituitary gland, which shifts the balance between the amounts 
of folhcle-stimulatiiig hormone and of luteinizing hormone hbciated 
into the blood stream The repeated copulations within the short time 
before the female becomes non-rcccpti\ c induce ovulation and luteiniz- 
ing of the follicles into corpora lutca, as do single copulations, and 
they may also lead to luteinizing of additional follicles from which 
eggs have not been extruded Corpora lutea of this sort have been 
observed containing eggs still surrounded by granulosa cells, again in 
turn surrounded by luteal tissue 

The eggs shed are picked up by the ostia and pass down the ovi- 
ducts, surrounded by follicle cells for some tune, and then sperms 
penetrate the eggs uid fertilization is effected in the tubes The sec- 
ond jlular bod> is extruded from the egg after ovulation. 
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Placcntation like that of other camuor**, 13 of the zonarj 
with the signet ring effect due to the large dark blood-filled region 
at the ba'C of tJic umbilical stalk The cxpan'-ion of the fetal 
placenta around the endometrial wall is incomplete at the incso- 
mctnal region for a con'^iderable time, and implantation is antimcso- 
metnal In cleared ‘>pccimcna the placenta is teen to rc'emble a tignet 
ring of which the part of the ring oppo-itc the signet is open or in- 
complete Gc'^tation period is approximate!} fortj-tuo da>s 

BUILDING A BUFLDING STOCK 

Care of Mother and Young As «tatc<l abo\e (under Care and 
Housing), females ma> be housed together in groups of two to six 
until about two weeks before littering tune Tl»c> ‘•hould then be 
housed indieidually to prevent quarreling and eating of >oung Bed- 
ding «houId be «caat> but soft too ‘hallow to permit loss of tlic littli? 
ones in the bedding, cau«ing ‘weats iml blarvaliun The mother and 
young «hould not be disturbed for a few d ijs Ic t ‘he get excited and 
eat her kits 

The ejes of the kits remain do ed for about five weeks, but they 
can often be helped to find their way to tlic feed di‘Ii before the eyes 
open When they set up a fu‘s when the mother leaves them to feed, 
they should be taught to take food in addition to ‘ucUmg, particu- 
larly if the litter is as large as nine or ten kits Bread soaked m 
fresh milk can be «cattcrcd in pieces in tlic nest twice a day after the 
mother has been fed or while she is feeding The kits will cat the bread 
for the milk and eventually find their way to the feed di'-h with the 
mother This will m«ure that all mcmliers of the Utter get cnougli 
food to grow well, and none should starve 
As ‘oon as the young are weaned, or «oon thereafter, the female 
should be removed to a pen by herself or the young taken from her 
She may then come back into heat and male She may do tins also 
after her young die for any cau‘c or arc eaten Her food ‘hould be 
nch enough in proteins, vitamins and minerals to prevent deficiency 
di'^ea'-cs and eating of y oung Tins is al'o true for the growing young 
ones 

The manner of mating tlie animals will depend upon the type of 
breedmg stock dc«ircd If an inbred stock of very uniform genetic 
background is wanted, then judicious matings of strong individuals 
possessing the desirable qualities and related to each other should 
be undertaken If, on the other hand it is intended to keep the stock 
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variable and heterozygous for hybrid vigor, unrelated males and fe- 
males should be mated and new strains should be introduced from 
time to time Selection for genetic characters may be practiced as 
with any other animals, such as rats and mice Several different 
strains can be developed together 

No diseased or crippled animals should be used for breeding, and 
rigorous culling out should be practiced A period of quarantine 
should be followed uith all introductions from other stocks Pedi- 
gree \Mthout high physical quality will not guarantee good stocks 

SANITATION 

Sanitary precautions were suggested above m the section on Care 
and Housing Regular cleaning out of straw, excelsior, shavings, or 
sawdust, used for bedding or carpet, and of droppings and the clay 
surface, if clay is used for floors, and replacement with new bedding 
and carpet once a week or oftener, are imperative Pens and run- 
ways should be scrubbed with boiling water, sunned, and sprayed 
with a good disinfectant, not irritating to the animals, and under 
precautions against poisoning Afctal parts should be flamed regu- 
larly 

All feeding and drinking utensils must be boiled or scalded and kept 
in clean dry places while not in use Clorox or another oxidizing 
agent helps Excess of food above that eaten at each feeding should 
be avoided so that none stands for flics to infect and spoil between 
feeding tunes 

Phes, fleas, and other insects must be guarded against Spraying 
of walls, floors, ceilings, and cages with DDT or some good equiva- 
lent should help keep flics down and, to a lesser degree, fleas Screen- 
ing of windows and prevention of first infestation are the most effec- 
ts e sanitary measures Continual vigilance is necessary Admission 
of all cats and dogs must be prevented, they carry fleas among other 
pests 

Ferrets arc susceptible to ^Toot-rot " Like that of the sheep, it is 
due to an itch raitc which attacks the feet and spreads quickly to the 
cars, nose, e>cb, tail, and over the body It causes the feet to swell 
and scale off, the nails to become tliick and long, scabs to appear on 
the body and in tlic cars, the Inir to drop out, and tljc animals to 
become inert, to sleep all the tunc except for brief periods, uacd to 
cat, dnnk, and attend the calls of nature Thc^ finally become mori- 
bund and die Once started m a stock, foot-rot n. passed from animal 
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to ammol Unless stopped at once, it may affect the ^ 

which must be deatrojed The >ounfi become mfested from » 

the mother may be caused by her itching to bite and c^at her >owg. 

To prevent foot-rot we ha\c mixed flowers of sulphur m the 
and on the floors As sulphur ointment, we ha\e rubbed it we m 
the feet and ears Sometimes it helped, if the infestation was slight, 
often not Wo rcccncd one lot of animals already infested, 
had to destroy them after a quick experiment. Luckily foot-rot 
not prevent photopcnodic activation of the sexual organs o erre 
They arc aflected just as much by the added lighting, when a mos 
moribund with foot-rot, as when m good health and not infested a a 
But any joung bom would be infected from birth Genera goo 
health appears to help the animals to fight foot-rot off or remain rcc 
from it It is suggested that some of the newer cures or treatmen s 
for scabies in man be tried, such as the one suggested by 0 ^<06 ' 
(1942), in which two solutions arc used. A — sodium hyposulphito. 
20 per cent solution m w atcr, sponged on and let dry , B— a 5 per cen 
solution of hjdrochloric acid After sponging with solution B, JC 
feet and tail can bo wrapped m bandages Two dajrS of treatment is 
effective in man and with transfer to umnfcslcd (piarters should 
for the ferret Canens recommends application to the affected 
parts of an ointment made by melting lard, stirring m an cqua 
amount of sulphur, and adding equal amounts of coal oil and turpen- 
tine Two days later trim the nails and rcmoxc loosened scabs Re- 
peat two or three times a week until all signs of the infestation are 
gone Quarters also must be thoroughly freed from the mites Clean- 
ings should be burned and pens flamed 

If the young show signs of “sweats” from being covered too deeply 
m bedding, reduce the bedding and air the animals until they are dry 
and not too warm Otherwise tlicy may get sticky, adhere to each 


other, and die 

Swellings on the head and neck occasionally develop m even the 
finest and apparently healthiest of ferreU These resemble boils and 
result from infection with pathogenic bacteria They may be poul- 
ticed or kept moist with Epsora salt solution on bandages until they 
soften or come to a head, but should never be squeezed m handling 
the animals, lest the infection be spread into the general circulation 
or lymph stream Then lance with a sterilized scalpel or knife and 
gently work out the pus It helps to make two incisions in the form 
of a cross and snip off the comers to prevent the incision from closing 
Keep it open and well dismfcctcd around about with Lugol’s solution 
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of iodine or some milder non-poisonous solution or ointment, to pre- 
vent leinfection from the hair follicles near by Isolate all infected 
animals until fully healed The animals generally recover, but we 
have had one die from one of these swellings that did not come to a 
head 

Ferrets ire veiy susceptible to dog and cat distemper and to human 
influenza viru*? They have been used a great deal since Dunkin and 
Liidlaw (1926) described dog distemper in the ferret, and Hinz (1931) 
immunized feiiets against dog distemper Horsfall and Lennette 
(1940) showed that canine distemper and human influenza gave syner- 
gic effects when feirets weie subjected to them at the same time 
Ferrets arc being used in the Dcpaitmcnt of Bacteriology and Im- 
munology of the University of Minnesota by the late Profeasor R G 
Green and his students m his studies (1945 et seq ) on the effects of 
passing dog distemper seveial times through ferrets to see if it is 
changed m virulence They arc also utilized to test the virulence of 
sera used on puppies (Slavitz, 1935) Dalhng (1931) has described 
distemper in the fitcli, and Spooner (1938) lias described a distemper- 
like di'^easD epidemic in ferrets 

The techniques used in these procedures fall outside the scope of 
this chapter, but references arc appended to the bibliography at the 
end of the chapter for those who wish to follow up the subject 
Breeders and users of ferrets as laboiatoiy animals for other studies 
will need to cxeit every precaution to keep the stock from becoming 
infected lest they Io>*o them all from epidemics, which spread like 
wildfire Persons with influenza or recently exposed to it, dogs and 
c its, and their liandlcra should be iigorously excluded from the build- 
ings in wliicli ferrets arc kept and from food stored for ferret use If 
infection is suspected, immunizing inoculations or procedures sliould 
bo earned out at once to forestall epidemics A good veterinarian 
or some other person having exptxicncc in these disca^scs and proce- 
dures should be brought in to help Wc have never seen such an 
cpidenuc m our experience witli ferrets in Cngland in 1931-1932 and 
since tliat tune in AincriLi 


NUTRITION 

Bread and milk arc u*vd b> many persons who keep only a few 
ferrets, md that diet ‘•tcins to be s iti’<factor> In England wc Uacd 
fresh uni) istcunzeil milk as the sole foo«I for our ferrets, as did Drs 
Mir-ljall and Ilimmond Raw milk is believed to contain all the 
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necessary vltamms, whereas some are lost or reduced 

Since returning to this country -nc have used Grade A m , 
pasteurized milk ivith yeast tablets or poivder to increase the conteni 
of the vitamin B group and ‘sometimes with vitamins A and 
m various forms These last additions caused our animals to becom 
fat We also had a good dog food or fox food in checker form avail- 
able to the animals (Any of the advertised brands seems to be satis- 
factory, we used tho«c made by the Wayne and Elmire companies ) 
■When the dog or fox food was given to the animals for the first time 
in checker form in a box, they did not seem to relish it, so 
dropping a few checkers into tlie milk to soften, and they took tne 
food that way Some salt was added, particularly with ferrets whose 
pituitary glands were removed, and the amount increased as the am 
mals declined in vigor Wc got the impression that this prolonge 
their lives, and one or two became active again after being almos 


monbund 

For animals carrying or suckling young it is advantageous to m* 
crease the relative amount of protein m the diet by adding these 
checkers or some freshly kilted small animals or meat Starlings, 
mice, and rabbit meat arc economical 
For large stocks of ferrets for which the above regimen is expensive, 
Canons (1932) recommends a mush made from boiling water with fine 
whole-wheat flour, like graham flour, stirred m while boiling To the 
needed amounts of this add double the amount of fresh milk, and do 
not let the mush get lumpy when cold Canens also recommends fresh 
meat for young animals But salty meat or pork should not be used 
Overfeeding «hould be avoided lest the animals become too fat and 
lazy for good health and breeding Animals to be used for rabbit 
hunting or against rats should be hungry and fed only half rations 
on the day before using They should be in good lean condition, like 
an athlete 


FEEDING DIRECTIONS 

Some breeders or kcepere of ferrets feed but once a day, m the 
morning, but Canens (1932) recommends twice, morning and night, 
and three times for >oung growing kits Wc have fed ours night and 
morning and oftener for young ones Not more is given at a feeding 
than the animals will clean up completely, and the dishes should be 
inspected frequently to be sure tliere is no excels Any left-overs 
should be removed to prevent spoiling and overfeeding by reluming 
between meals This should bo adlicrcd to with young as well as 
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mature animals. Water should be available for them at all times in 
the drinking vessels described under Care and Housing. 

For feeding dishes we use earthenware basins with vertical sides 
214 inches high and 614 inches in diameter with an overhanging inside 
margin to prevent spilling. These were obtained from the Geo. H. 
Wahmann Company of Baltimore, Aid. They are scalded thoroughly 
every morning before being put in use. Enough are available so that 
one set is in use while the other is being cleaned and sunned. (See 
fig. 2, on top of runway.) 

If meat is given it should be at mid-day and in as many pieces as 
there are animals in the pen, lest they get to fighting over it and 
wound each other. Such fights may lead to cuts and scratches which 
may fester and give the abscesses on the throat and head described 
above. 

PRACTICAL SUGGESTIONS 

Tljroughout tiio above account of the care and breeding of tljcse ani- 
mals, the benefit of our experiences has been given as they occurred 
to mind at each step, as cautions. Tliey may be repeated here briefly. 

1. Cleanliness is of paramount importance. 

2. Prevention of infection is the way to keep free from disease. 
Quarantine from dogs, cats, and persons with influenza and distemper 
or from handlers of such vectors should be practiced. 

3. The typo of cage to bo chosen depends upon the use to be made 
of the ferrets and the numbers to be kept. Adaptive changes in the 
types suggested above will fit them for special purposes. 

4. Avoid overfeeding, but be sure vitamins and minerals are avail- 
able in proper amounts. 

5. Being carnivores, ferrets in nature would live mostly on meats 
and high-protcin diets, with entrails of prey to furnish vitamins, and 
bones, the needed calcium. 

G. Frequent careful handling from time of weaning onward will 
“gentle” the animals and jnake them easy to handle without e.xcite- 
nient and injury to ferret or keeper. Hcav>' leather gloves should bo 
used at first to protect tljc handler. Bites from ferrets usually fester 
and should be tlioroughly disinfected in both man and ferret. 

7. The animals make good peU, when tamed, but show little real 
ttficclion even to those that feet! them. Like cats, tliey arc iudivid- 
ualiats. 

S. The old buperstition, that if n female ferret is not mated and 
allowed to become pregnant she will die as a result, is not true. Fc- 
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males ina> be kept o\er >cars at least without mating and live a 
healthy life if properly fed and kept free from dirt and infection 
9 Experience im11 dictate changes in the above program and regi- 
men of care, housing, sanitation, fettling, and breeding to suit your 
conditions The above is only a set of tned procedures that have 
•suited our studies with ferrets 
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Phdadelphta. Pennsylvania 


INTRODUCTION 

Of all our nati\e animals, the opos=uro is the only mammal 
m North America that carnc« its >oung m a pouch, and for 
rea«on it presents unique mammalian material for researc purpo » 
particularly for problems concerned with embryology 

The \N istar Institute conducted a senes of expenments with o 
dilTcrent species of Amencan opo«sums 

1 The Didelphis viTgtntana 

2 The gray -masked or four-eyed opossum, Uctacftirops juscogn 
seu4 

3 The nooly or red opo'sum, Metachrus Tfudicaudalus dentaneus 
(Philander) 

4 The murine opo'sum, J/armo«a uthmica 

The last three types, all belonging to the order Marsupialia dide - 
phidac \crae, were captured especially for breeding expenments 
Many myths ha%e onginatcd about the opo-sum’s reproductne 
procc-acs, and this can easily be understood is hen one considers tha 
an opos'um can produce a litter of thirteen young only 12 to 13 days 
after conception At birth the entire Utter is so small that all t e 
young would easily fit into a soup spoon, each opossum weighs ap- 
proximately 1^ grains 

The phy siology of reproduction m the opossum is interestmg The 
female opo«£um has two uten, and the embryo has no placenta, lymS 
free in the uterus dunng its intrautcrme dciclopment Dunng this 
period the embryos may be mo\ed from one uterus to another, and 
still go on growing normally At birth, the tiny, undei eloped half- 
inch creature crawls among the moirtcned \entral hairs along it^ 
mothers belly to the teats m her abdominal pouch, and there the 
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types of opossums 



Fio I Nmo young opossums attach^ to appearance of the 

pouch. Tbrae^njpplc^ ara^tu.bfe 

,. * 1 ^^ mother’s milk for about 60 to 

m the pouch (fig. 1), j t are particularly interesting 

70 days. During this period the fetuse s ai i 

for observation and experimenta- 
tion. 

When the offspring are developed 
enough to emerge from the pouc ^ 
but are still small enough to nee 
the mother’s attention, she carries 
them about on her back (fig- 2), 
their tails entwined about hers, 
their feet clutching the fur of icr 
back. 

TYPES OF OPOSSUMS 

Of tlio Fra. 2. Litter of young opossums at 

studied at the InsU I about 75 da>s of age, enjoying the 

can opossum, Dideiphis ^ t » • ^ protection and transportation of their 
is abundant and ^ mother. 

almost any^ particular marsupial has been studied for many years. A 



States. This pai 
technique I'as 


developed for breeding it in captivity, and this has 
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rc'ultcd in many interesting iliecoicncs Honcicr, since tlic adult 
opossum lurgmiaua groiis to about the size of “ ‘'“S’ 

expensiie to raise for laboratory uork, =0 The \\i=tar Institu 
attempted to domesticate and breed three tMics of tropical opossums 
Description Size is the chief difference belli cen the Virginia 
opossum and the tropical opos-ums The aicrage Height of tlic 
Virginia opo um is G to 8 lb. and those rai‘cd in captliitj for lalio- 
ratoiy purpo es bale attained Heights as high as 10 to 25 lb at the 
ago of 405 days On the other hand, the usual Height of the tropical 
Opossums 13 le«s than 1 lb 



Fio 3 The gra> marked or four-c>ed opo«suin Mdachtrop* fuseognsous 

Some of the dilTerenlial characteristics of the four genera, as noted 
before domestication, arc as follows 

A The gray-masked (fig 3) or four-c>ed opo-sum, Metachirops 
juscognseus 

1 Tail furred basally 

2 Vicious hisscr and spiltcr 

3 Terrestrial 

4 Se\en mammae, arranged m pairs, with one in lower midlme 

5 Weight 250 to 500 grams 

The gray masked opossum is one of the best experimental animal^ 
of the Didelphis family It is about the size of a rat, mexpcnsivc to 
raise, and, being terrestrial, docs not climb xery hi^ It is calm, 
easily domesticated and hardy It is amenable to being raised m 
dormer cages such as arc used for rats (page 45 or fig 9) and is easy 
to keep clean It has been established that this xancty has a life 
span of about 3^4 years, which in our experience is about jear 
longer than the Virginia opossum 




description 

Experiments with hormones (Nelson and White, 1941; Farris, 
I 9 L) suggest that the animal can be forced to ovulate and breed 
successfully m captivity. We have been able to breed several litters 
srcc fully at the Farm (Farris, 1941b). The average number of 
™ung in n litter was four, with a slightly higher ratio of males. 

In view of the value of the gray-masked opossum as a laboratory 
animal I L additional details may be of value About eighteen 
irale; were collected in grass Helds about 47 miles from Panama 
C ™ in i location that is low and damp all the year. The animals 



' ! ~ TZiaAirus mdicaudatvs dentaneus. This opos- 

Pio. 4. The “Mcoly” opossum, W"'”' „„„ Biological Farm of The Wistar 

sum was bred and domesticated at Tim Morris 
Institute 

„ r 4 tu tlieir nests in palm trees, at the branching and 

usually were found d. where conditions were rela- 

in the leaves about 5 carefully into the leaf nest where the 

tively dry. A ^tw^ P j., resulted in the blowing 

animal was • nal. It could then be captured by hand 

or hissing sound of tiie an 
or by any other method. 

ffitr 41 Metachirus nudwaudatus dentaneus. 

”■ I’ wLw."” *“■ > “ 

2. x\.ggreasive and vicious. 

3. Semi-arborc.al. 

4 Five mammae m pouch, 
s' Weight 300 W -iOO grams. 

vnre-^ to Dr. Herbert Clark, Director of the Gorgas 
• xVpprcciation w a ^ Shrop'-hire, of the United SUtes xVriny SaniU- 

Mcmorial L.\borutor^^ ^ ^ Faircluld, Entomologist, Gorgas Memorial Labora- 
tiOQ Burcaur „°,,,rinK many of the tropical opossums, 
lory, for aid m capturms 
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Although the \\ooly opossum is described as the most -vicious and 
aggressive of all the opossums, the >oung can bo easily domesticated 
The v-ooly opossums \\ere secured on higher ground, in treca or in 
hollow holes The animal resists capture and fights severely until 
caught The eyes protrude, and look as though tliey are about to pop 
out of the head suggesting the u«ual thyroid exophthalmos 
The females earned pouch young when caugiit Tlicse young were 
about V /2 to 2 cm m length up to weaning size These were captured 
during the months of August and Stplcmbcr. 



Tia 5 Tl c munso opossum Uormoia ut^mica 

The wooly opossum, also about the size of a rat, has one disadvan 
tage It IS scmi-arborcal Therefore all its cages and quarters have 
to be enclosed 

C The munne opossum (fig 5), Uormoio islhintca 

1 Nude tail 

2 Quick and active 

3 Large cy cd, large cared 

4 Brown cinnamon color 

5 Semi arboreal 

6 Thirteen mammae 

7 Weight 75 to 100 grams 

The small munne opossum, about the size of a mouse, is too fast 
for the usual caretaker to handle and is very difficult to breed This 
particular type has not been bred ra captivity, and trials m other 
laboratories have met with failure 

D Virginia opossum (fig 6),Dtdelphi3 virginiuTia 

1 Slow but aggressive 

2 Primarily terrestrial 
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3. Thirteen mnmmae usually, but have had as many as eighteen 
in a litter being raised in the pouch. 

4. Weight 6 to 8 lb. 

Tn the United States the opossum is found in great numbers in the 
woodere“^art, from Ltem New York, southern W.scons.n, 

eastern Nebraska, and down to the Gulf Co'ist. , . • 

This opossum prefers swamps and wet lowlands bordenng aio „ 
strums. Tu found in hollow trees and - holes under roots of trees. 
This form has never been domesticated m the colony. 



PENS 

A r.innv hiiildinE (fiK 7)) constructcd of steel and cement 

An opossum colony buiiaing ,.c+nKiiclinipnt of a 

“7.-2 -M.. .f .... 

four taboratories or offices, and the usual rooms for mixing diet 

showing almost all the possible gradations m s.se to 4 mm. Anoth 
collection contains separate embryos from 4 to 13,5 mm _ The epos 
sum is delivered when it is 10 to 13 mm. long, and some of these last- 

7) are three outdoor pens 

each approximately 15 by 12 by 6 feet, made of 21-.nel. link wire 
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nine fr.imes, ^utl. cement curbs and sand floors on a foundation ol 

broken stone and grarcl, drained by subsoil tile, and sliadcd > -• 

This type of pen is intended to be a |icrmantnt structure, adequat 


Fia 7 The opovum coloo> building. Note tlic tDtIi)*<.d outdoor qu'»r era- 


for brccdiDg or for holding nou-brccdcrs throughout the year. 
sand floors arc used to rttlucc foot injuries, of which there arc inany. 
They arc easily cleaned and drained, and this aids in elimination o 
the intestinal parasites and fleas 



Fig 8 Fortabic Lcnncls 


Portable Kennels (fig. 8). These arc 8 by 3 by 2 feet, made of 
wood and wire, and equipped with weather-proof shelter boxes A1 
outdoor pens are pro\ided with larger weather-proof shelter boxes, 
allowing each animal 1 to 2 square feet of floor space. The boxes are 
lined with Cellotex for protection of the animal from heat or cold- 
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Detention Room. The new stock, or animals that were maintained 
outdoors and are to be brought indoors for general experimentation 
purposes, are carefully observed in the detention room in smaller 
cages (fig. 9) for approximately 10 days, or until the animal is known 
to be “clean” and satisfactory for research purposes. 

The experimental animals are maintained indoors, in cubicles large 
enough to permit exercise. The floor is concrete and easily hosed, a 
provision essential in preventing disease. 



Fia. 9. Corner of the detention room, in wliich opossums are conditioned until 
sati&factojy for research purposes. 


The Institute has found that opossums survive severe winters out- 
doors, provided they have adequate nesting material to insulate them 
against sudden changes in temperature. 

REPRODUCTION 

The breeding season of the Virginia opossum begins in late January 
practically throughout the country. In the colony, eggs and embryos 
can be secured nearly all the year round, a brief anestrous period 
being noted from October tlirough December. 

By employing artificial means for extending the length of day- 
light in the colony, the Institute has been able to breed opossum 
successfully during the ^'anestrous" period, and has had several litters 
bom in December. 


2^ THE OPCSSUM 

The Institute has found that the opossum breeds very ^ 

and second year, but that it is rare to secure litters during the third 
year Contrary to the Bndings of certain authorities, the opossums, 
under colony conditions arc old in 3 years, and the author is co - 
vinced that this is approximately the life span of the Virgini 


opossum rrLp 

The wnter has observed several opo«suins during copulation 
male and female be on their sides, and remain attached for at lea«t 
20 to 40 minutes The female is attracted by a peculiar clicking 
sound a sort of metallic ring, produced by the courtmg male He 
apparently is inspired to make this sound only when the feroa e ^ 
coming into heat about once c\er> 23 to 28 da>s If the male in«is 
upon mating before the female is sufficiently excited sexually, and m 
the proper stage of eetrus, he may be killed At such times a tiny 
female is fully capable of annihilating a much larger male This 
behavior was particularly noted after the administration to the females 
of estrogenic hormones They became extremely imtable and com- 
bative to the male for a short penod before mating was permitted. 
When the pairs were left together overnight, it was not uncommon to 
find the male dead in the morning 
The birth of the«e animals has been dc'cnbed by Dr Carl Hartman 
(1920), who removed unborn opossums from the uterus at term, and 
found that they could crawl easily on the mother’s moistened ab 
domen He witnessed the actual migration of opossum >oung, prov- 
ing conclusively that they were able to pull themselves up to the 


pouch m spite of their immature state of development 

At birth the posterior appendages are u ele^s paddle “haped struc- 
tures, but overdevelopment of the anterior appendages provided with 
deciduous claw-hke structures permits the young to crawl among the 
V entral hairs to reach the pouch and nipplca of the mammary gland 


NUTRITION 

Opos«ums eat a great variety of foods, including meat, eggs, fruit, 
cooked vegetables, nuts, injects, mice, >ouDg raU, and bananas The 
various dr> diets advocated bj commercial companies for mammals 
such as minks and foxes proved to be quite unsatisfactory for opos- 
sums, particularly for breeding purposes The dry diet la sati'factorv 
only for general mamtcnance of opossums during short-term experi- 
ments 
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Two diets are herewith listed. The first diet was used successfully 
for an excellent colony in the sixth generation of inbreeding, when 
the diet was finally discarded for a less expensive one. The diet for 
a colony of 80 adult animals and feeding directions are as follows; 

Monday 13 lb of liver, 5 quarts of milk, 6 eggs, bone meal (about 1 teaspoon* 
ful sprinkled into each food pan), wheat meal (1 teaspoonful sprinkled into each 
food pan), occasional fruits and vegetables according to season N'ote: This is 
approximately 2Vj oz of meat per day per ammal The bone meal and wheat 
meal are sprinkled on the raw meat to soak up Uie meat juices so tliat the animals 
n ill cat it The eggs are broken and stirred into the milk so that they are evenly 
distributed to all the animals 

Tuesday 5 quarts of milk, 6 eggs, bone meal, wheat meal, occasional fruits 
and vegetables 

Wednesday Same as Monday 

Thursday 9 lb of beef, 3 calf hearts, 5 quarts of milk, 6 eggs, bone meal, 
wheat meal, no fruits or vegetables 
Friday Same as Monday 

Saturday 10 lb of beef, 4 calf hearts, 5 quarts of milk, 6 eggs, bone meal, 
wheat meal, occasional fruits and vegetables 
Sunday Dry diet of any variety 
Water should be available at all times. 

In an effort to reduce the cost of feeding the large Virginia opos- 
sums, Dr Herbert RatcUffo adopted a diet which he had developed 
for the large mammals in tlie Philadelplna Zoological Garden, for the 
purposes of the opossum, and found it to be quite satisfactory. The 
breeding rate was reduced slightly. 

Meat 60% (hog liver 2 parts, beef heart 1 part) 

Vegetables 10% (any green vegetables) 

Dry powder 30%, made up as follons* 


Soybean 30% 

Peanut meal 25% 

Dried nulk 25% 
Oyster shells 0% 

Alfalfa leaf mc.al 4% 

Brewer’s yeast 4% 

Iodized salt 2% 

Cod-hver oil 4% 


The meat is ground twice, and the 10 per cent of vegetables added. 
In a large electric food raiser of about 25-quart capacity, tlic dry 
powder is added. All Ibis mixture is combined and blended, and 
stored in an icc box or frozen until needed. Bone racal or its equiva- 
lent was added to the diet to avoid rickets, which proved to be a 
serious condition in the early days of the development of tlie colony. 
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THE OPCteaUM 

It was also noted that with unbalanced diets 56 per cent of the 
\oung had become detached and A\ere lost 

It should be noted that opossums are nocturnal, and therefore in not 
ueather the food should be made atadable in the late afternoon, to 
avoid spoilage 

DISEASES 

Worms and all types of mlestmal parasites are common 
The animals die as a result of spontaneous infection or infections 
follows ing injuries by cage mates 
Chrome nephritis of the opossum is a common condition 
Chronic enteritis, abnormal h>pcrpla«ia of the mammary glands, and 
tooth decay are also common conditions 

When the humidity is loxv, opo sums frequently de\elop swollen 
tails and =ores that «oon suppurate When the humidity is adjusted 
to approximately 50 to 60 per cent, the swelling of the tails disappear* 
The open sores are treated with a «ulphur ointment or a coating of 
medicated Va«eline 

Control and Treatment. With the routine practice of thorough 
cleanliness and proper diet, many of the above conditions clear up 
within a reasonable time For «pecific instructions relative to stenhz 
mg, using dustmg powders, and insect control, refer to pagess 478 to 487 

PRACTICAL SUGGESTIONS 

1 Select stock carefully for the development of the colony Alate 
brothers to «i«ter» whenever possible until inbred strains are e'tab 
li'hed. "Maintain an inbred «tock m preference to purchase of animals 
from the field 

2 For short-term experiments, animals secured from the field are 
adequate. 

3 It IS advnsable to check the pouchea daily to ascertain the pres 
ence of newborn For closer timing the pouches should be examined 
twice daily 

4 Do not permit more than one proven male m a cage with the 
females at any time 

5 The cagea should be “ufficiently large to permit ample exercue 

6 Clean the cages daily, and mcmerate the refuse 

7 Remove the straw from each room once a week, and burn 

S Nesting boxc«, pens concrete floors, and cooking jars should be 
washed with soap and water once a week. 
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q Fnnd oans should be washed and sterilized daily 

10 In fte summer dusting powder or sprayed insecticides should 

be adde“dttrelr of the opossums if " 

11 Sodium amytal or other is good as a gen surface by 

12 The pouch young can be immobilized o g 

adhesive tape j , « j w tattooini: with an electric 

13 Opossums may be identified by ,, , ,,33 

needle, numbers directly on the skin chains, 

been shaved Ear marking and amputation of ^ , 

etc, have proven quite unsatisfactory because of tie equent fig. 
of tiic animals, with resulting loss of eai lobes or even feet 
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t. It HUTT 

Dcpititmcnl of Po lUry llu^bandty 
Conull UmicTixty 
Ithaca, Acu> J ark 


INTRODUCTION 

Aa experimental anuiula lor \*iriou3 kmila of rcscircli, birds 
many features to commend tlicin to biolosists ior centuries i 
favorite source of material for embryologists, they have in inufc 
recent times proven ideal for various studies in endocrinology, gene ics, 
immunology, and certain fields of physiology 
Of all the birds that have been u'^cil, none has proven more 
adaptable to vanous kinds of research than the domestic fowl It has 
many advantages, especially for lho'*e who must keep their experi- 
mental animals in «mall confined quarters or m cages In companion 
with ducks, fowls arc much cleaner under such conditions In coni- 
paneon with the pigeon, which is al-o frtiiucntly u«Ld for vanous 
kinds of investigation, the fowl has the big advantage that when 
properly managed it will lay almoal continuously, whereas the pigeon 
lays only two eggs before incubating them Another point for con- 
sideration IS that the fowl has only rarely been incriminated as trans- 
mitting any disease to man, vihercas parrots, budgerigars, and pigeons 
are occasionally responsible for the tran’=mis«ion of psittacosis For 
all these reasons, and because each species of birds requires different 
management, the prc«cnt account is limited to the fowl Tho'C inter- 
ested m pigeons are referred to the detailed account of that bird by 
Levi (1941) 

The domestic fowl, Gallus galtus, is really a pheasant Its native 
habitat is India and parts of southwestern Asia However, it has 
proven its adaptability to confined quarters This applies both to 
chicks of all ages and to adults With modem equipment, it is quite 
feasible to maintain a colony of 100 adult birds in a laboratory of 
average size without any difficulty This is done by keeping them m 



INTRODUCTION 

<n «« Kotioni'*!” \ihich liavc proven so suitable 

?rrp£;.r=/£^ 

‘‘r —.“srri. .. « ■■ •“ 

the small Bantam weighing less than 800 S™”® 

lime oTfte^Vbtel: ift'lUtrn tlTiaircertai; Phys-lo^^al 

peculiarities, and the ""“[f J wo°rr This is 

rii^ - ^:c. ti^: 

Idlf S "spaXltl^aZ^ E;\":’;?r;t volure'^irS 

information in these fields is available >„„,i,lv available 

‘■r r-iv t- 

"it "liis -I “ •“ 

pr^uction domestic fowl is that with a little 

One of the reasons as they are laid and 

caie one may time operations to g ^ 

embryos at any Ky her first egg of that cycle 

or four eggs on „„ eL for Tuesday, Wednesday, 

on a Monday , one may us previous 

and Tta-day, each ccmin^an t^ 

tming re period o"f incubation properly one can get embryos of 

desired staaes with a very slight margin of error 

desired stag J ^ pJ experimental work 

An advantag Ordinarily, a cluck just hatched from 

is Its about 38 grams but will more than 

a two-ounce „eeks of its life At 4 weeks it will 

double that we g properly fed Because of this rapid 

weigh from "^eU suited for quantitative tests of diets deficient 

growth, the chick s well 

werricTrrpid, dcfioienc.es would not be revealed quite so leadlly 
were less raj , ^ advantage for the endocrinologist 

^ r ows mnarkable second iry sex characters (fig 1) The 
iargreomb and wattles of the male bale proven ideal for testing for 
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the presence or ab‘'cncc of male lumnoncs, and it has been shown that 
capons will re^poml to \crv ^nnll do-ts of androgens by growth of the 
comb Another tccundarj ‘•ex character is the plumage, which s lows 
sex dimorphi=m in the neck, the wing-lww, and the saddle Tiie ina cs 
have long narrow lanceolate feathers, wlitrcas tlio-c of the females 
in the same areas arc rounded Poulardcs (ovaricctomizcd fciiia ts) 
show a plumage ‘■iinilar to th it of the capon M hen poulardcs or 
capons are treated with female hormones and the plumage pluc c( , 
the new feathers will be of the female type 



Fio I T>pical specimens of the tVlulc Lcehom, one of the most popular breejls 
in the United States As m all fowls, tex dimorphism m sue « genetic, hut the 
diflcrcnccs m comb, wattles, and structure of the plumage are dctonniocd bj 
bccretiODS of the gonads 

Finally, the reader is rcinindcd that whereas the disposal of rats, 
mice, and guinea pigs at the end of an experiment may sometimes be a 
problem, the disposal of unneeded chickens and eggs is more likely to 
be a pleasure 

HOUSING AND CARE 

Few workers in biological laboratories will be able to maintain their 
chicks and adult birds under conditions comparable to those found on 
the farms It will be necessary at moat laboratories to keep the stock 
in confined quarters, not to allow it to range out on an open field, or 
in a fenced yard, as is the common practice For the brooder house, 
the colony house, and the laying house of the poultry farmer, the 
laboratory biologist will have to substitute the electric brooder, the 
unheated broiler battery, and the laying cages for adult birds 
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housing and caue 

thermostat controlled and PP brooders are avail- 

S” X" ‘tr ui i. »«"■ <■' '•"' ”" “• 



V;— .-i - > 

moiiating up to fifty clucks. The P (Courtesy of 

troughs arc P'“"tc"o™auy. Gettysburg, Ohio.) 

, 1 .fock-s ffia 2). Important things to ensure 

ttiose that have ^ be some space available for the 

tn selecting a brooder ar tha^^ 

clucks away from the he^ The 

hoppers for feeding, c\nc]zs may be caught, removed, and 

ease or difficulty w> ^ If the dropping pans under the 

returned should a so bej 

daily. do better in small flocks of 25 to 50 than in 

In general, chick noultrv fanner who has special brooders 

larger ones. Z, «s approximately 12 feet square 

for raising oh cks o» 250 flock. In the 0 to 8 

:::a”of the average compartment in an electric brooder, best 
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results will be obtained with groups of 50 or less. There should be 
plenty of space for moat of the chicks to feed at the same time fcliou 
they wish to do so. 

The thcrinobtat should be adjusted so that wlicn the chicks go into 
the brooder the temperature la approximately 90 to 95“ F. at the 
level of tl»c chick’s back, or slightly more if tlie bulb of the thennometer 
IS higher up After the first week the temperature can be droppe 



Fio 3. A good driakmg fountam of the io\crt(d'iar l>pc. The base w shown 
separately at the right 

down to 85° and gradually reduced somewhat, although the chicks 
will still need heat up to about 6 weeks of age. With a little practice, 
the obser>'ant biologist can readily tell when the chicks are too hot 
or too cold and can adjust his thermostat accordingly c%’cn without 
considering the thermometer reading. When the chicks crowd awa> 
from the source of heat, they are too hot; if they huddle together, tliey 
are too cold. At all costs, chilling must be avoided in the critical first 
week. 

hen chicks are first put in the brooder, fresh water should be sup- 
plied in two or three drinldng fountains spaced apart near the edge 
of the heated compartment, so that the chicks will learn to drink with 
a minimum of delay. A favonte water container for young chicks 
is the inverted glass jar in a shallow pan or saucer. When refilled 
regularly these containers provide a constant supply of fresh water, 
but one not deep enough to let any chicks get drowned. An ordinary 
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pint jnr inverted in a sancer will serve very well, but good drinking 
Lntains of this type are available in a var.ety of srzes (Hg. 3). 

Directions for feeding are considered later on. necessary to 

When the chicks are about 3 to 5 weeks old. it will be necessary ro 

turrein out and to put in two brooder ^t 

that was oriRinally started in one. At about 6 weeks or a little inter 
Se^acrigrvarying inversely with the temperature of the room), 



Pia. 4 . The hen battery provides „11, g,„tly to a receptacle 

With feed, water, and a sloping door o 

Closer /rent), where it cannot “‘'“conrtesy of L. M Hurd.) 

used m cleaning the pans under 

., . ,•!__ Avne of cacc, sometimes called a broiler 

they may be put in another typ .^Vhen these cages 

battery, where they do not ha J gpo p 

are used, the temperature until they are 

Birds can be earned “'“pS ’ “ H probably be necessary 

iL\\;::^ittrkinr ^ -- - -- 

,.„.r -p t,“z 

IS a separate compartment 

be built up to a hcig i remarkable. One 

that can be '““7“'’ tose laying cages is that each bird is by 
L\'rand to”rcnevcd of any social pressure. There is no loss 
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from c mmbaliain, ja ‘•oniLtnnta tcn<m» v'bcn binl-J nre Upt m 

crowded qu'irlera in ln>m^ hou uj Atioflicr ul\nnlnt,c of tlic n>inK 
battery is tliat it anlonntic dU pro\uIf* i rtconl of the cpg protluction 
of cacli hen In each comparlnient tlicrc is “oriie iirr m^tment for t ic 
egg when hid to roll to tlit fnnt of the c ninl fall down to a 
position where the hen cannot |Kck it ii> colkcting the^t o 
regular mlcr\ ils uul rcconhng the cigts from which thee conic, one 
ca il> gets a record of the egg production «if ill the hens 



Tio 5 ^^lre cxl il ition loojs u eful for 1 mU tlal mu t iw Kept un Icr ob-K-OJ 

Uou or isolated Note incUl tuis for ftid ami water 

With battery brooders and with battery lajing cages one ma> o c 
some absorbent litter like sawdust on the pins for collecting the feces 
but this is not essential In «=«inc of the lajing cages tiiere is an 
arrangement whereby a big roll of Kraft paper is pulled through daily 
and the feces with it Another cuiiunun practice is simply to put 
newspapers on the pans to facilitate clcinmg 
One ad\antagc of adult fowls compared witli other laboratory ani 
mals IS that they can tolerate room temperatures oxer a rather xxidc 
range In general a hen is likely to bo mo-,t comfort iblc at about 
60 to 70° F but will not exiwncncc any hard hip should the tempera- 
ure rop to 40 or even below At temperatures aboxc 80° there 
IS likely to be some discomfort and it has been shown tliat tempera- 
tures of 70° or above cause the laying of ‘•mailer eggs than one gets 
a ower temperatures Tlie hens xviU not be seriously injured if the 
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temperature of the laboratory should be very low some morning 
because something went wrong with the heating equipment. Many 
poultrymen keep birds in uninsulated lien houses in which tlie water 
freezes on cold nights. 

An important point to remember is that the hen breathes rather 
rapidly and gives off approximately 0.5 liter of carbon dioxide per 
kilogram per minute. Furthermore, the hen’s breath is heavily laden 
with moisture, which in cold rooms or buildings is likely to condense 



Fiq. G. a chick box of the type used for shipping day-old chicks is useful equip- 
ment in the laboratory In this illustration, the cover is removed to show the 
4 sections, each large enough for twenty-five chicks. 


on the floor. Adequate ventilation to ensure good air movement but 
without draft is essential. As in any animal room, it is advantageous 
to have the floor smooth so that it can be easily cleaned out. If it be 
provided with a floor drain so that it can be washed out, so much the 
better. 

Apart from the larger units for holding chicks or adult hens, a few 
pieces of extra equipment will be useful. Single or double “exhibition” 
coops (fig. 5) of the kind that one secs in poultry shows are ideal for 
holding one or two birds that need special observation or more space 
after an operation or some special treatment. For handling young 
chicks it is convenient to liave commercial chick boxes of various 
sizes (fig. 6). These are made an capacities to liold 25, 50, or 100 
day-old chicks. l^Iost of them have an arrangement whereby the 
number of ventilating holes can be increased in warm weather. These 
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boxes are useful for carrying clucks to classes and for holding 

if the electric current should be shut off. When the chicks are hu e 

togetlier in the compartments of these boxes, they can maintain a tern 

perature high enough to prevent chilling. 

One may see samples of other equipment at almost any goo 
hatchery and descriptions of it in any poultry magazine. While most 



Fia, 7. The "dubtod" male had bU comb and 'ivaltlea removed at a* 

wcets of age; the uadubbed male Ueft) may find his large head furnishings a 
nuisance m a wire cage. When not needed for studies in endocrinology, the 
comb and wattles are belter removed, particularly from Leghorns. 

of the laying cages and battery brooders provide ample equipment 
for feeding and watering the birds, it may be useful to have on hand 
some extra vessels for supplying water and also small feeding cans 
or cups with which to look after single birds in special circumstances. 

Fowls confined to cages indoors tend to develop unusually large 
combs and wattles. The combs lop over, particularly in females of 
the Leghorn and Minorca breeds, but also in males of all breeds 
Sometimes these enlarged appendages interfere with feeding and drink- 
ing. This trouble can be easily avoided by cutting off the combs and 
wattles (fig. 7) with scissors, preferably before the birds are six weeks 
old. Some poultrymcn do it on the first day after hatching. 

imally, it is appropriate to say in this section a few words about 
the proper way to hold a chicken. It is not desirable to hold a bird 
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by the legs and with the head down. It should be held with the body 
resting on the forearm and head to the rear or to the side, with one 
finger between the legs and three fingers or more holding the legs 
securely by locking around the “hock” joint or above it. With a little 
practice, one learns to hold the tip of one wing in the same hand that 
grasps the legs, and thus to prevent flapping. The same result is 
attained by tucking the head under the arm, so that it points to the 
rear. 

For further information about poultry husbandry in all its aspects, 
one should consult such useful books as those by Lippincott and Card 
(1946), Winter and Funk (1947), Jull (1938), and Rice and Botsford 
(1949). 

REPRODUCTION 

In modern domestic fowls, the natural cycle of reproduction in the 
domestic fowl has been almost entirely eliminated. A peak in egg 
production can be induced in fall or winter by providing artificial light. 
Chicks can be supplied by many hatcheries all the year round. Accord- 
ingly, the fowl is suitable for laboratory work in which animals may 
be wanted for tests at all seasons of the year. The original system 
of reproduction devised by nature has now been perfected to the point 
at which later stages of that process can be nicely liandled by artificial 
incubation and artificial brooding, without nests, and without catering 
to the caprices of broody hens. Many strains of poultry have now 
been developed to the point at which few liens go broody during the 
year, but the annual molt has not been eliminated. Some hens begin 
this replacement of feathers in July, others not till November. 

Egg Production. Leghorn pullets will ordinarily begin to lay some- 
where between 150 and 200 days of age. The exact time will depend 
to a great extent upon the amount of light available when the birds 
are nearly mature. Under the more or less natural conditions of the 
rearing range, Lcglioms hatched in early lilarch will begin to lay in 
August, but birds of the same stock not hatched until May will not 
begin to lay until November. Sexual maturity is retarded by the 
shortening days of the fall months. Under laboratory conditions, the 
onset and rate of egg production can be accelerated by providing 
artificial light after the birds arc 150 days old. With respect to tlie 
licavy breeds, such as Rhode Island Reds and Barred Plymouth Rocks, 
the u*ual thing is for females of these breeds to come into production 
at 0 to 7 months. Strains especially bred for early maturity will 
start laying somewhat earlier. 
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' The number of eggs thnt the hen ™11 Iny on success.« days varms 
nith the individual but is usually eharacteristie of the bir b 
hens Mill lay for about 3 days and tlieu miss 1 day 
for 4 or 5 days and then miss a day. and some >> 0 "= havo be j 
to lay for sev eral months Mithout stoppmg Some lay on 
in 2 or 3 By considering the records of each bird, 
man Mill learn exactly Mlien to expect eggs and ''hen ^ 

them The size of eggs increases with laying for about the 
months of the Hying penod and thereafter remains '“"J 
A pullet may start Mith an egg of 38 gm in August, and by Uecem 
bo laying eggs of 58 gm The standard egg size P'^o “rre 

niarhcti3 2oz or 58 7 gm Pullets starting to lay at 160 day 

lc«s begin with «=maU eggs and take several months to attain 
size, whereas those not beginning until o\cr 200 days of age are 
likely to start with large eggs and to reach final egg size quickly 
rertihty To obtain fertile eggs m the laboratory one 
provide a small breeding pen or coop in which the male an eii* 
can be placed, or resort to artificial insemination Details 
mg out the latter process arc given by Burrows and Quinn ( 
Ordinarily, fertile eggs may be expected from 30 to 40 hours a 
the first mating Under more natural conditions, in which one ma 
IS placed in a pen with fifteen to twenty females, poultrymen ° 
expect normal fertility from the pen as a whole until about 7 ay 
after the male is introduced Similarly, once fertility has been we 
established it will be maintained for about a week after the roa e 
has been removed In some cases, however, fertile eggs have been 
obtained as long as 3 weeks after removal of the male Few labora 
tones arc likely to have space available for large mating pens of t is 
•'ort, and the best that can be done, apart from artificial insemination, 
13 to put the pair of birds m some pen box or coop about 4 to 6 feet 
square With «uch ‘stud matings’ better fertility is likely to be 
obtained if the birds arc mated in the afternoon rather than m the 


morning when some of them carry eggs m the uterus 
Incubabon Small incubators of the old fa«hioned type in which 
all the eggs arc held in a single tray are still to be found m some 
laboratories, but they are gradually being replaced bj more modem 
incubators of the cabinet type (figa 8 and 9) in which several tra>s 
are arranged one abov c the other Such incubators arc now av ailablc 
in a variety of sues to accommodate from 500 eggs up to many tliou- 
feand Since the conditions of operation will vary somewhat according 
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to the type of incubator and the regulating devices, the directions of 
the manufacturer should be closely followed 

The optimum temperature for incubation in cabinet incubators in 
which the air is constantly in motion is from 100“ P doivn to 99 5“. 
The relative humidity should be about 60 pei cent, and carbon dioxide 



I’la 8 A roodem incubator of Uic cabinet tyi>c, smitable for the small I ibora- 
lory. It will liold GOO eggs, winch may be wst all at onto or nt intervals (Cour- 
lc-> of Amcncan Electric Incubitor Company, New Brunswick, N J ) 

0 5 per cent or even somenJint Jcfeii. Eggs wjU Itatch at Ijutniditics 
other than GO per cent, but v\hcu the humuhty ib abo\c 70 per cent 
or below 30 per cent the hatclubihty is markedly reduced. It is 
important that tlio passage of air (hruugii tiie incubator should not 
be too ra])id. Sometimes the )>ouUryinun can gauge tins by mcasunng 
Ibe eNOporation as indicated by tbc air cell in the large end of the egg 
Under optunum conditions, at S days of incubation t)ut air cell should 
be approximately incit deep. If it I 9 less or more, there liaa been 






Fio 9 A larger meubator capacity about SXX) eggs showing how the eggs 
turned b> tilting the traj s (Courle*^ of American Eleclnc Incubator CofflpaD> 
New BrunsnicL N J ) 


bation but should not be done after the 8e\ enteenth day of incubation 
Moot of the cabinet type incubators ha\c mechanical devices for tilt 
mg the tra>s (fig 9) and thus ensuring that the eggs be turned Bes 
results «ecm to be obtained uben the eggs he on the tray with t e 
large end rai cd at about 30® from the honzontal They «hould ne%er 
be incubated with the small end up 
The eggs should be tested at 8 to 10 days of incubation to detect the 
infertile ones and any in which the embryos have died Such te®tmg 
can easily be done in a darkened room by holding the egg up to a 
candling device such as is u^ed by commercial egg candlers H 
of these is not available, a home made one can ea«ily be made by 
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CARE OF EGGS FOR HATCHING 

putting an electric light in a closed tin can with a hole about 1 inch 
lu diameter in one side With little practice one will learn to identify 
the clear eggs that are infertile and also the ones in which embryos 
have died The lattei will usually show a “blood ring” or streak of 
blood A second test at 17 days of incubation permits removal of 
more eggs with dead embryos before the eggs go into the hatching 
compartment If the identity of the parents is to be preserved, each 
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Tio 10 Types of bands used to identify chickens (a) Tvmg bands to go in 
anterior border of wmg, (c) the same when scaled (the pointed ones need no 
sht to be cut in the wmg for insertion), <b) numbered aluminum leg band for 
adults, (d) spiral Celluloid leg band available m several different colors, (e) 
leg band usmg colored numbers under a Celluloid cover (Courtesy of National 
Band and Tag Co Newport Ky ) 

hen’s eggs should be hatched m a separate “pedigree basket,” and the 
chicks must be wing banded as they aie removed Various types of 
identifying bands are shown in 6gure 10 
Broodmess Broodiness has been almost entirely eliminated from 
Leghorns and other Itlediterrancan breeds, but in some of the heavier 
breeds, particularly Rhode Island Reds, New Hampshires, Barred 
Rocks, and Wyandottes, one may expect a ceitam proportion of the 
flock to go broody This is less likely to happen when the birds are 
in laying cages than when they are in floor pens The poultryman’s 
usual procedure for breaking up broody hens is to put them m slatted 
crates with plenty of ventilation If it is desired to let the hen set 
as a demonstration for classroom purposes, she should be transferred 
m the dark to a suitable nest and kept in darkened quarters until she 
has become ad 3 ustcd Rood and water should be supplied, and it may 
be necessary to remove her from the nest daily to make sure that she 
docs get off to cat 

Care of Eggs for Hatdung An important point to remember, when 
eggs must be held to get a number big enough to incubate at one time. 


the domestic fowl 
,s that the hatchabihty declines m eggs over a 

conditions, ordinary laboratory lemperaturos '’t ZL 50 to 

eccs that are to be incubated The ideal temperature is Irom 
55° F , preferably m a room Tvilh a relative humidity o 
70 per’ Lt IvL the eggs are hept to. some 
to get good hatches even with eggs held as >™S ^ j 

incubation However, it is desirable to torn eggs that ^ Wjon® 
than 7 days This can be done by keeping them m an ordinary cg„ 
crate or carton and tilting it at least onee, and preferably “ 

day during the holding period It should be remembered, ” J 

the eggs to be incubated, that those of 50 to o8 gm m w g 
hatch better than tho'c over 60 gm or less than 4o gm , 

Finally, let no biologist expect the impossible Most pou ry 
arc more than satisfied iC the proportion of infertile eggs is no = 
than 10 or 15 per cent, and if they hatch about 75 to 80 per cent 
eggs incubated Some embryonic mortality is inevitable If it can 
be kept to as little as 10 per cent of the fertile eggs, that is 
good For excellent reviews of factors affecting hatchabihty, 
surveys by Landauer (1948) and Taylor (1949) should be consu 


DEVELOPMENT OF BREEDING STOCK 


While many biologists try to maintain their own colonies of a® 
sters, rats, or other animals, this is hardly necessary with the domestic 
fowl bccau'c fowls are now available everywhere in large num ers 
To begin with, there arc well over a hundred different breeds or 
varieties of the domestic fowl to be found in this country They range 


in sue from little Bantams weighing no more than 600 to 800 gm 
up to the big heavy breeds weighing well over 4000 gm for males 
While many of these are fanciers’ varieties, and not available m 
quantity, there are at least eight or ten good breeds which can be ha 


in almost any quantity desired 

It seems questionable whether the biologist is warranted in develop' 
mg his own strain of Le^oms or Plymouth Rocks or Rhode Islan 
Reds, when there are already available so many higlily improvct 
strains of these breeds Furthermore, many hatcheries can supply 
clucks at almost any' sea'^on of the year 

Ph}slological Differences betw^n Breeds. An important point not 
to be overlooked by anyone domg re'-earch with the domestic fowl is 
the fact that, apart from the more obvious differences m size, color, 
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plumage, and comb which go to make up the breeds, there are some 
remarkable pliysiological differences between breeds. These must be 
taken into consideration in the interpretation of results of research. 
The best known of such physiological characters are those which dis- 
tinguish White Leghorns, and probably Leghorns of other colors as 
well, from the so-called “heavy breeds” like Rhode Island Reds, 
Plymouth Rocks, and Wyandottes. Some of the differences between 
them known to date are as follows: 



Tia. 11. Rapid feathering ilcfl) and slow feathering {right) shown at 10 days of 
age in development of wings and tail. Tlio difTcrenco indicates two of several 
genetic variations in physiology to bo considered in the selection of stock for the 
laboratory and in the interpretation of experiments. 

The Leghorns have genetic rapid feathering, in contrast to the slow 
featliering of heavy breeds. Tiie difference is best seen at 8 to 10 days 
of age, when the Leghorn chicks have little tails about half an inch 
long and wings almost as Jong as the body (fig. 11), At the same 
time chicks of the heavy breeds have no tails and comparatively short 
wings. The recessive sex-Iinkcd gene causing rapid feathering also 
induces slightly more rapid growth up to 10 or 12 weeks of age tlian 
is found in the slow-feathering chicks. 

The White Leghorns, tliougli not really non-broody, as they are 
sometimes said to be, show much less broodincss than do the heavy 
breeds. 

Tlic Leghorns lay white-shelled eggs; the heavy breeds named lay 
eggs with shells that arc brown and not quite so thick. 

White Logiioru chicks arc much more resistant to pullorum disease, 
an infectious disease caused by the organism Salmonella pullorum, 
than arc chicks of the heavy breeds. 
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Adult LcghoruB ure better able to tolerate “r, 

tlie heavy breeds, but arc apparently more susceptible t 

™l“ablo diHereace is that the Legboms can get rd^ng on .css 
thiamme than is needed by the heavy breeds ‘he th 

content IS about 60 per cent higher in Legbom egp tha Eg^ ^ 
heavy breeds White Leghorns also get along with e 
than do the heavy breeds and have a lower "=nu'rement of mangan 
It IS entirely probable that there are other pliysiologieal ^ 

between the Leghorns and the heavy breeds vet to be 
within the heavy breeds as a class there arc dlfrcrcnccs 
Infertility and poor reproduction arc sometimes more o P 
in While Wyandotles than m some of the other breeds T ^ 
Hampshircs seem to be characterized by more rapid growth tlia 
usually found in other heavy breeds 

These differences among breeds have here been emphasized roer y 
to ensure that the biologist should remember, when interpreting 
data, that invisible genetic differences m physiology often accomp 
the more evident differences among breeds , 

Strains, Hybrids, and Crossbreds. Of the more common breeds, sucu 
as the Leghorns and Rhode Island Reds, many different strains arc 
available, some of them only slightly related Such strains may i 
m nutritional requirements, in resistance to disease, and in 
spects, all of which must be considered in the interpretation of a 
obtained in experiments , 

Becau'c inbred strains are now in demand for cro'^sing, a nuro er 
of poultryraen are now trying to develop highly inbred strains T lese 
may prove advantageous for the research worker who prefers to 
stock with a minimum of variability, such as is most likely to o 
found in inbred lines The inbred strains are now being crossed o 
produce chicks with exceptional liybnd vigor In so far as this is 
reflected in greater viability, and perhaps in more rapid growth, la® 
interstram hybnds may have advantages for some kinds of rcscarcn 
Crossbred chicks are also available from the mtcrcro«sing of dis- 
tinctly different breeds A popular one is the cross of Barred Plymout 
Rock females (fig 12) with Rhode Island Red males, which produces 
chicks that show no barring m the females, but do show barring m 
the males This difference is recognizable at hatching, so that from 
such crosses the hatcheryman can supply chicks guaranteed to be al 
pullets or all cockerels Apart from this means of identifying sex, 
many hatcheries are now having the chicks’ sexes determined by 
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examination of the cloaca and can supply males or females in which 
the identification of sex will be accurate up to 95 per cent or better 
Sometimes the hatcheryman has a surplus of Leghorn cockerel chicks, 
for which the demand la slight Fiom such a source one may be able 
to got an abundant supply of chicks at very little cost, if White Leghorn 
males are suitable for the research to be undertaken 

Bleeding a Distinct Strain While the writer hesitates to encourage 
this proceeding, there is no reason why it should not be attempted 
by some courageous spirit who wishes to try it The fact is that to 
make improvement by selection for 
any quantitative or physiological 
character one would need to test a 
great many breeding animals each 
season to find the best families It 
IS doubtful if the average labora- 
tory could provide space for such 
an enterprise On poultiy farms, 
one needs from ten to twenty breed 
mg pens in order to find each year 
the few superior sires by which 
progress can bo made In labora- 
tory work, similar results might be 
accoinplislicd by using artificial in- 
semination, but it would require a 
great deal of time and efiort to make 
tlic necessary matings For all these reasons, and particularly because 
of the limitations of space it would seem that the biologist may be 
better advised to find some strain of birds suitable for his purposes 
and then to arrange for a supply of hatching eggs, of chicks, or of 
stock as he may need it 

For a detailed renew of genetic variations in the fowl and of princi- 
ples of breeding the book by Hutt (1919) may be consulted 

SVNITATION 

On the whole, the biologist who keeps a few «corc of birds in his 
liboraton has much less occasion to worry about di&ea«c tlian has 
the poultry fanner witli '‘Cienl hundred This is for several re isons 
Da>-old chicks t ikeu from the hatchciy dircctlj to a laboratory where 
there IS no lulull stock have i fair chance of keeping free of di‘-ta‘-e 
\notlier rea on wh> disease should be Ic^s m the luboratorj is tliat 



Fio 12 A Barred Plymouth Rod 
female Tlic breed is available any 
where aud m some regions is much 
m demand for linked crosses 
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there most of the birds are Upt in wire bottomed cages This auto- 
matically di«pen=es ^\ith Utter and provides less chance for the harbor- 
ing of germs and the eggs of parasites The wire cages in mo t ca'cs 
are easily cleaned 'o that even if ‘•omc disease •'hould break out, t e> 
can be readily disinfected However, le«t any biologist feel too secure 
about this matter, it is w ell to mention some of the risks 
In the first place, young chicks should not be kept in the same room 
with old birds if that can be avoided In many cases the old stock 
has suiwived various di^ea'es but still carries the infectious organisms, 
even though resistant to them Such association of old stock wuth 
young chicks is likely to re ult in infestation with parasites and to 
spread infectious diseases like lymphomatosis and colds 

Before bringing chicks into the laboratory for the first time, the 
■whole place should be thoroughly disinfected This process should 
be repeated after the chicks arc cleaned out For this purpo e one 
may u'c lye, at the rate of 1 ounce to tlic gallon, or «omc of the cresol 
disinfectants particularly the saponified crc«ol With these it is well 
to follow the manufacturer’s recommendations as to the strength 
Most of them call for a solution of 3 to 5 per cent of cresol in water 
WUth such a disinfectant walU, floors, and particularly the cages 
should be thoroughly cleaned 

Some diseases arc spread in the incubator, and it is well to disinfect 
that piece of equipment occasionally This is particularly so if the 
clucks develop ompiialitis or navel ill The organisms causing this 
sometimes accumulate in the incubator They can be destroyed bj- 
fumigating it with formaldchjdc at the rate of 20 cc of formalin 
(40 per cent formaldeh>de) per 100 cubic feet to be disinfected The 
formalin should be soaked up in cheesecloth, which is then suspended 
m the incubator while it is in operation Another procedure is to 
pour formalin on potassium permanganate, using 3o cc of formalin 
and yiYi gw of potassium permanganate per 100 cubic feet W hen 
this is done, the mixture should be made m a dish somewhat larger 
than the matenals to be mixed The gas vmU do the job tboroughlj 
and quickly 

Equipment for feeding and watenng should be of such a kind that 
it excludes the droppings Tins is not alwajs po "ible with the fir^t 
feeders and fountains for >oung chicks, ■which go right on the floor of 
the brooder The mash hoppers should have a Jjp so that there is 
htllc feed spilled on the floor Wliat is spilled should be cleaned up 
if mice and cockroaches are not to be encouraged Damp or mold) 
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feed should never be left in the hoppeis, and the drinking vessels 
should be cleaned daily 

It IS a good plan to have the room m which the birds are kept com- 
pletely rat proof This precaution is valuable not only because the 
rats will steal feed out of the mash lioppeis, but also because they 
will eat young chicks, and may carry diseases communicable to 
chickens One of the best ways to reduce the accumulation of mice 
in the bird room is to keep all feed in metal containers The ordinary 
piecautions that would be taken with any laboratory animals should 
be observed, namely, the elimination of diseased birds, particularly 
those that can be recognwed as carrying infectious diseases It is also 
well to i<5olate temporarily any birds brought in (other than day-old 
chicks) to see if they are going to exhibit some disease that was not 
evident upon their arrival 

Respiratory diseases are more likely to cause trouble in the labora- 
tory than are some others To avoid them, one should make sure 
that the buds are not exposed to drafts and that no birds are intro- 
duced to the laboratory without first ascertaining that the flocks from 
which they come are not infected with respiratory disease Against 
some of these, vaccination is some protection, but that is discussed in 
a later section 

NUTRITION 

Fortunately for the biologist, the nutrition of the fowl presents no 
special problems, as the species is remarkably adaptable to a varied 
diet The nutritional requirements of fowls of various ages have been 
so ihoToughly mvvsligaled that it is now possible to lormulate diets 
which should maintain the animals m perfect health Such diets are 
now put up by many feed manufacturers and are available m almost 
any part of the country 


essential Nutrients 

Carbohydrates. The most important con^^tituent of any diet for 
fouls IS a source of energy Fortunately, carbohydrates meeting this 
need are abundantly available The common grains are u=ed, and 
some of their bj -products, which are cheaper than the grams them- 
selves, arc also utilized m mashes Wheat and com are the favontcs 
for this purpose Ordinarily, grains and thtir by-products comprise 
from 75 to 90 per cent of the total ration What fat tlie bird needs 
can be manufactured from the carboliydrutcs, so there is no need to 
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supply fat as a separate constituent of the diet Fiber may serve some 
useful purpose by providing bulk and by loosening the mass of ee 
to provide better access of digestive ]uices Hoivever, most norma 
diets will contain from 5 to 8 per cent of fiber and more than that is 


not desirable 

Water Water is one of the most important things necessary for 
fowls It comprises from 55 to 75 per cent of the weight of the body 
and about 80 per cent of the weiglit of the albumen m the fresh egg 
Apart from this, it serves a very u«eful function as an aid in controlling 
body temperature Like oUier birds, the fowl lacks sweat glands and 
is well insulated by its plumage Its best cooling device is the expira- 
tion of water from the lungs m the form of water vapor When one 
remembers that the normal temperature of the adult fowl is from 
105 to 107“ F , the importance of the cooling mechanism can be better 
appreciated It is essential to maintain a constant supply of fre^h 
water before the birds at all times Any biologist wishing to give his 
birds a special treat in the winter may be amused to find that even 
when water is abundantly available they will relish a bit of snow if 
it be put m the container 

Some idea of the importance of water in the diet is conveyed by 
the fact that 100 hens will normally consume about 3H gallons of 
water per day In hot weather, and especially if the birds are laying 
well, the intake may run as high as 5 to 6 gallons However, one 
cannot measure out the daily ration because a certain amount of 
water is always spilled The only safe plan is to make sure of an 
abundant supply at all times 

Proteins Protein is an important constituent of the diet, as it makes 


up a large part of the body tissues and of the egg Any rapidly grow- 
ing organisms, such as chicks, need a high content of protein m the 
diet One must not assume, however, that the total protein content 
indicates the adequacy of the diet The lequirement is not really 
of protein as such, but rather of the amino acids which in varying 


amounts make up different kinds of proteins At least ten of these 
amino acids have been shown to be indispensable for chicks, and others 
may be needed under some conditions The exact quantitative require- 
ment of each ammo acid can hardly be satisfactonly given, and the 
usual practice is simply to feed proteins from different sources and 
thus provide from all of them the balance that may be needed Some 
good proteins come from vegetable sources, but a diet must also 
contain some animal protems to provide a proper balance of ammo 



minerals 

acids Most common grains will contain from 9 to 12 per cent of 
protein, and additional vegetable proteins can be provided from soy- 
Lan oil meal, which is now available m quantity When these are 
balanced by fish meal, beef scraps, or animal protein from some other 
source, the result is usually adequate for all purposes 
While most analyses of mashes for chicks and hens will show that 
the protein content runs from 18 to 22 per cent, it must not be assumed 
that birds at different ages all have the same requirements The actual 
amount consumed varies according to the amount of gram fed as a 
supplement to the mash Thus, young chicks will usually start out 
on an all-mash ration in which the protein content may be from 20 
to 22 per cent After about 4 or 5 weeks, a certain amount of cracked 
wheat and com or other “scratch feed” is given, and, since this has a 
lower content of protein, it causes the total intake of protein to be 
reduced below the 20 per cent shown for the mash Laying hens are 
commonly given a laying mash containing about 20 per cent of pro- 
tein and a mixture of grains for which the protein content may run 
about 11 per cent When the intake of these two kinds of feed is 
about equal, they provide together about 15 to 16 per cent of protein, 
which has been found to be adequate for normal egg production and 
reproduction 

Minerals. While the fowl needs many different mineral elements tor 
normal physiology, the chief ones that have to be supplied in the diet 
to ensure an adequate amount are calcium and phosphorus The 
optimum Ca P ratio is approximately 2 1 Although a certain amount 
of these elements comes from other feeds in the diet, the usual practice 
13 to supply bone meal at a level of 1 per cent in rations for chicks 
and 2 per cent in mashes tor adult birds The requirement of calcium 
13 met by supplying ground limestone m the mash or, better yet, by 
providing ground limestone or oyster shells for consumption od libitum 
For birds in cages, where hopper space is limited, it may be ted right 
on top of the mash Calcium is particularly important for laying hens 
because the shell of the egg is almost entirely calcium carbonate and 
It forms about 10 per cent of the weight of the egg This means that 
an ordinary egg will carry from 5 to 6 gm of calcium carbonate 
Common salt is provided m most mashes at a level of 0 5 per cent 
Other minerals need not be supplied with the exception of manganese, 
which seems to bo required m abnormally high amounts by some birds 
of the heavier breeds It is particularly necessary for birds m cages, 
as they seem more subject to slipped tendon (pcrosis) than birds on 
the ground This condition (fig 13) is more frequent with diets low 
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m manganese Most mashes now contain the quarter pound of manga- 
nese sulphate per ton that ensures adequate protection The Leghorn 
do not need this supplement, but fortunately it is cheap In compa 
son with mammals, the fowl seems to have an unusually low require- 
ment of iodine Although goitre is extremely rare in chickens, some 
nutritionists recommend the feeding of iodized salt 

Vitamms The vitamins which must be supplied in adequa 
amounts m the diet are vitamin A, \itaram D, and riboflavin 

The amount of vitamin A needed 
m the diet for chicks is 1350 Inter- 
national units per pound of feed 
It w ill be supplied if the mash con- 
tains 0 5 per cent of cod-liver oib 
or other equivalent fish oil, or 25 
to 30 per cent of ground yellow 
corn, or the usual amount of good 
alfalfa leaf meal For laying bens 
the requirement of vitamin A is 
somewhat higher, but is usually 
adequately met if the grain mix- 
ture IS about half yellow com The 
usual symptoms of a deficiency of 
vitamin A include white pustules 
on the larynx and esophagus and 
deposits of urates m the kidnejs 
and ID other organs However, it 
takes some 4 or 5 months on a diet 
low in vitamin A to deplete the reserve of adult birds that have been 
properlj fed, and to show thc^c symptoms of deficiency 

Yitaram D is also needed, but is ordinarily provided by 0 5 to 1 por 
cent of any good cod-hver oil in the mash The exact amount of 
vitamin D required has been estimated as 180 AOAC units per pound 
of feed for chicks and about 2% times that amount per pound of feed 
for adult birds For birds exposed to direct sunlight that contains 
ultraviolet light, no vitamin D supplement will be necessary For 
birds confined m the laboratory, however, it will be safest to ensure 
an adequate supply of vitamin D by feeding throughout the jcar 
either Qsh-hvcr od or the synthetic vitamin D now available Most 
ma«hcs now contain adequate amounts of vitamin D 
Riboflavin is needed by chicks for growth and by adult hens fof 
reproduction. Apparently it need not be given for egg production 



Fio 13 An extremely bad case of 
slipped tendon (pero is), a condition 
more common in caged chicks than 
in Uio*>c raised on the floor In 
milder ca«o« only a nrellmg of the 
tibiotarsal joint may be evident 
{Courtesy of G F Heuser) 
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alone, but, if one wishes to ensure good hatchability of those eggs, 
then supplemental y nbofiavin should be provided This is done by 
including alfalfa meal, milk pioducts, or other iiboflavin supplements 
now available to feed manufacturers 

Apart from these three vitamins, the requirements of the others 
seem to be met by ordinary normal diets For details of the amounts 
needed of thiamine and other vitamins, one may consult the publication 
Recommended mitrient allonances for poultry of the National Re- 
search Council Anyone noting therein horrible pictures of what 
happens to chicks that do not get enough vitamin E, vitamin K, thia- 
mine, nicotinic acid, pantothenic acid, or biotm need not be unduly 
perturbed by them Unfortunately, the legends do not make it clear 
that these abnormalities were induced on special experimental diets, 
and are not likely to be encountered when normal diets are fed 
For detailed information on nutritional requirements and feeding 
of poultiy, the books by Heuser (1946) and Ewmg (1941) may be 
consulted 

DIRECTIONS FOR FEEDING 

To show how these nutnent requirements are met when the feeds 
arc compounded, the mashes prepaied by one manufacturer for chickens 
of different ages are shown m table 1. 

It should be noted that the chick starter is supplied usually without 
any supplemental y gram or anything else By the time the chicks 
are 6 to S weeks old, a considerable amount of gram is being fed 
Birds getting the laying masli or the breeder mash shown m table 1 
are supposed to be getting approximately half of their total feed 
intake from some mixture of whole grains A common one is the 
mixture with equal parts of wheat and corn, but other grains, such 
as oats, barley, and buckwheat, may be used If older birds are given 
an all-mash diet, formulae different from those in the table would be 
nccc&sary 

It will liardly pay the biologist to compound hzs own ration So 
many ready-mixed feeds of high quality are already available, tliat it 
will !sa^e him much time to use what has been prepared in large quan- 
tities for the trade Of course, there may be exceptional circum- 
st mccs, such as occurred durmg the war when some British biologists 
kept their stocks going on tabic scraps collected from sc\eral homes 

Some mathes are also avuhblc as httlc compresstd pellets simulat- 
ing Kernels of gnin Thu mhantage of these is that the birds cat 
them more rcadilj than the groiiml feed, and lienee food consumption 
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Ttpical Diets tor Chickens or DirrEREsT \ges as Made bt Ovb 

!■ BED MAhurAcrcRtn 



Chick 

Growing 

Layung 

Breeder 

Ingred ent 

Starter 
(per cent) 

Mash • 
(per coot) 

Maab * 
(per cent) 

Mash • 
(per cent) 

Yellow com meal 

43 23 

17 5 

30 13 

23 23 

tVheat bran 


io 

14 

in ^ 

Wheat btandard nuddlings 


14 

15 


Wheat flour middlings 

10 




Ground oats 

5 

10 

5 

* 

Ufaifa meal 

3 

5 

23 

7 

Soybean o 1 meal 

20 

23 

15 

4 

Meat scrap 

3 

4 

3 


Fish meals 

5 

2 

2 


Cora distillers solubles 

4 



n <; 

Iliboflaria supplement 

0 4 

0 4 

0 4 


Dned whey 

4 0 

3 

3 


Ground limestone 

1 0 

2 



Iodized salt 

0 2o 

1 

1 

1 0 

Manganese sulphate 

0 02 


0 02 

0 02 

D calc um phosphate 

1 0 

2 

3 

3 0 

D activated auml sterol 

0 Oo 

0 Oo 


1 0 

N lUimn A feeding od 

0 Oo 

0 Oo 

0 3a 

1 0 


* To be fed as part of a diet that aUo includes whole gnio. 

IS stimulated somewhat One must remember howeter that if lajiDg 
hens are allowed to eat only pellets they are getting an unncce>-®anly 
high amount of protein because there is no low protein grain to balance 
the matemls in the pellets Vnothcr method of stimulating produc 
tion when the birds are off feed is to gi\e ^omc of the mash slightly 
moistened so that it is m a crumbly state Birds will eat raoi®t ma«h 
readily when they cannot be tempted by dry feed 
Finally one should remember that there are =ome protective foods 
such as milk whether «kimmed milk whole milk buttermilk or 
'kiraraed milk powder al'm liver meal and green feeds Mhen tbe^ 
are provided they tend to overcome any deficiencies that may po 
sibly exist m the diet otlcrwise supplied The birds will relish an 
occasional bit of lettuce frc«h lawn chppiogs, cabbage or other green 
feeds 

The amount of feed the birds will need at different ages vanes con 
sidcrably according to the efficiency of the feed containers and the 
amoimt wasted but the following figures may be some guide Up to 
6 weeks of age Mhite Leghorn chicks will eat just slightly over 2 
pounds of feed per bird To raise a Leghorn female requires 53 pounds 
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birds miy n i\iiitc dnrrbcft -ippcir Etuntcd md frcqucnth die 

soon after on ct of the di'ca'c Thc\ do not cat ^\cll and ptick clo«c 
to the heat but since other di^ea«cd chicks «l»on similar SMUptom* 
one cannot alv\a^< be <ure mcrcU from inspection tint the di'ca'c 
IS pulloruin \ccuratc identification can be made b\ bacterial cu 
turcs from affected chid s 

Tins disease Is transmitted from stinninR earner hens tlirough the 
egg to their ofT«pring One chick thti*' infected put out in the broo< cr 
maj eub«cqucnlU infect manj others The situation is npgra\atc 
if the clucks arc chilled in an\ via>, particular^ if that happen" dur- 
ing the fir't 3 or 4 da%" after hatching After 10 dn\" of age the 
chicks are comparatiicK rc^i'-tant White I cgliorn chick" are much 
le«3 likclj to ha\e trouble witli pullonim di ea«c tlnn 'TC tho«c of the 
hca\'a breed® The hc®l protection against lo®s from this source is to 
en urc that an> cluck® iKiught come from fiocks of hen® that haec 
been blood tested h% the agglutination tc'-t, so that earner- of the 
organism ha\c been detected and rcmoeoil With this precaution 
there should ho little trouble from pulloruin di®ea«c Since mo*l hatch- 
eries noi\ make sure, lint their *uppl> flocks arc blood-tC‘‘tcd, there 
should he little difTiciiUj m «ccuring a «iippH of chicks from tested 
flocks and thus a\ oiding trouble 

Coccidiosis The dome tic fowl is subject to infection b> at lca®t 
eight different kinds of coccidia, all species of the genus Fmena It is 
true that lo®s from thc«c is aeoidcd to some extent when the binl* are 
rai«cd on ware, as in the cluck brooders and hen haltcne", but coccidia 
cannot be entirely axoidcd The more ®erious species are Fimeno 
tenella and Etmena necatnx The former imades the ccca, and its 
pre ence ma> be diagnosed b> scxcrc hcmorrliage in tho®c organs 
Eimena necalTix affects the small intestine more than the ccca 
W ith poultry rai«ed on commercial farms it is safest to allow the 
chicks out on the ground at an carl} age, so that the} tna} thu® obtain 
some slight expo'ure and Ihcrcb} dcxclop n.*®i®tance Within recent 
times a \er} cfTcctixc drug for the control of coccidiosis has been 
di«coxered This is sulfaqumoxahnc W here trouble ^vlth coccidio®is 
15 expected, sulfaquinoxaline fed to 8 weeks of age at a xer} low level 
permits the birds to re«i t infection and to dev elop immunity This 
applies to birds on the floor or on the ground, w here exposure xs inev i- 
table W ith birds m cages, it wall probably suffice, if coccidiosis ap- 
pears to feed the drug m the ina«h at a level of 0 05 per cent for 3 or 4 
da}s ^la*hes containing Eulfaqmnoxalme are now gcncrall} available 
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Ordinary sanitary precautions, such as ensuring that the feed does 
not get contaminated, and the a\oidance of o\ ercrowding in the brood- 
ers, together ^\ith regular cleaning of the wire floors, will help to lessen 
any risk of a serious outbreak of coccidiosis 
Infectious Bronchitis This disease, ^vh^ch is caused by a filterable 
virus, may attack both chicks and adult birds, but chicks once exposed 
are likely to be immune thereafter Until very recently there has been 
no protection against it, but it is now known that bj vaccination vith 
a live Mrus an immunity may be established which apparently la^^ts 
for a long time, if not for life The disease is to be suspected if the 
birds ha\e difficulty m breathing and gasp for air Howe\er since 
other diseases produce similar symptoms it might be safest to have 
the condition diagnosed by someone familiar with the different respira- 
tory diseases of poultry 

Diseases of Adult Birds 

Lymphomatosis In birds on poultiy farms the most serious disease 
at the present time is lymphomatosis, or avian leucosis It has many 
symptoms, including paralysis of legs or wings, tumors in the ovary, 
liver, or otlicr visceral organs, and even a type of blindness called 
“intis ” However, this di«case should not bother the laboratory flock 
as much as it docs the commeicial farm If the chicks are obtained 
from a hatchery as soon after hatching as they can be dried off, and 
then taken directlj to the laboratory, thcie is a fair chance that thev 
ina> never be exposed, particularly if there arc no adult birds in the 
laboratory It has bcow shown that vt vnfootvon or oxposwe can bo 
avoided until the birds are about 5 months of ago, most of them are 
tlien lughlj rcbi&tant Presence of the disease is to be suspected if 
joung birds become panl>zcd between 6 weeks and S months of age 
The M'sceral forms of the di«ca«e (the tumors) are more likely to be 
found in older bird*? In tho-'C that arc paralyzed, swellings of tlic 
brachial and sciatic nerves maj be found, but sometimes smaller ncr\cs 
in otlicr parts of the bod} are nlTcclcd without lesions m the«c larger 
one? 

Chicken Pox This di«ca«c is not so likely to be found m the 
laboratorv a®: on the large poultry farm*! In one fonn of tins disease, 
tncru‘«tntions like scabs form on the comb and wattles, in the other, 
the so-callcd wU tjpc, there nrcycllowNh patches m tlie tliroat around 
the larvnx Some of thc>c ma> become so bad as to cau“o death by 
choking Tht latter form is sometimes called avian chphtlicna, or 
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(lipMhcritic roup V. here the di^evc 1 ib» occurred tor ret crnl fCO«ons 
and IS to be expected again protection can be ensured b> x accinntion 
at about 3 months of age If an outbreak is detected before man> 
birds arc affected some protection can still be ensured by \accina mg 
with pigeon pox ^ accinc 

Lar^iigotiacheitis This re«pirator> di«ca»c is characlerircd b> an 
extreme difficulty in breathing The affected birds hold the hea 
extended apparently at full length and with the mouth open, as thc> 
ga=p for air at each inspiration Thc^e attempts to breathe arc some- 
times accompanied bj loud cncs ns the birds tr> to clear out the 
blood and mucus in the trachea It is po«<«ihIc to ancemate against the 
disca'c, but, as with other \accmcs, care must be cxcrci«cd not to 
introduce the li\e airus where the di«cnfc has not been prevalent it 
the first bird affected m the colon> should be noticed promptl', d ma> 
be po^'ible to lec^en the ravages of the disease bj vaccinating the 
others 

Newcastle Disease This rc«piratorj di«cn«c ha** rcccntlj been iden- 
tified m this countrj from coast to coast Even on expert mo> have 
difficulty in distinguishing it from other rc«pirntor> di«ca«e8 without 
the appropriate tc«ts of the blood Newcastle di«ca«c frcqucntlj causes 
malfunctioning of the nervous sjstem, so that some birfs walk with 
a peculiar gait and others show twisting of the head and neck When 
an outbreak strikes a flock of hens for the first time, it causes an 
almost complete cessation of lo>ing, and the bird® maj take some 
3 weeks or more to get back into production the exact interval varj- 
ing with the individual In this country Newcastle disease has not 
been quite so serious as in some others, so far as adult birds are 
concerned, but it has been highly disastrous with joung chicks 
Infected hens that recover pa's through the egg to their offspniig a 
passive immunitj that seems to last for about 3 weeks Vaccines 
effective agamst Newcastle disease arc available but are not likely to 
be needed in the small laboratory 

Colds Like the common cold in man, the common cold in the 
chicken is a perennial nuisance m an> flock In recent jears it has 
been designated as infectious coryza and attributed to the cau ativc 
organism HemophUxa galhnarum While this ma> be the pnroarj 
cause of the condition the mfected sinu'es are usuallj invaded b> 
other organisms particularlj those of the Pasteurella group, and these 
set up an mfection that may become chrome In some cases the linings 
around the e>e become distended and the whole eje may be completed 
closed Treatment of the mdmdual is not very effective The safest 
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precaution against the disease is to eliminate any birds that hn\c had 
the di'iea^e, or that shoi\ svmptoms of it, as «oon as they get it Among 
poultiymen the usual practice is to dispose of the adult flock and to 
lca\e the buildings vacant for a period of several weeks before tlie 
young stock is brought in Tins breaks the chain of infection and gives 
the new population a chance to start clean 
Pansites Birds kept in isolated laboratories are not likely to have 
much trouble with parasites, but it is well to be continuously on the 
lookout for them The nematode, Ascandia galli, is serious m come 
cases, and, where it has been found, other birds m the colony should 
be individually treated with capsules especially made for the purpose 
These contain nicotine, the most cffectue drug against this worm 
The caecum worm, IleleraKis galltnae, is likely to be found m most 
birds, but it apparently docs httlc or no harm Birds in the laboratory 
are not likely to have infestations of tapeworms because they are less 
likely to cat the insects and slugs which in the outdoor world «5erve 
as intermediate hosts for the cestodes to which the chicken is subject 
The birds should be examined at regular inlerv als to see if they have 
acquired an infestation with body lice or feather lice These may 
be found throughout the plumage, but usually there is a concentration 
of them just below the ^ent If they are present, they can easily be 
controlled by dusting the birds under the wmgs, under the -vent, on 
the back, and m the fluff feathers of the abdomen with a pinch of 
sodium fluoride 

The common red mite, or roost raite, may possibly cause some 
trouble, but can easily be controlled by soaking the crevices in roosts, 
walls, or battery with DDT in some vehicle such as kerosene Mites 
are not likely to be as serious with birds kept m metal cages as they 
are m wooden poultry houses Another mite that sometimes causes 
trouble is the northern fowl mite, a small grayish organism which may 
be found all through the feathers, with accumulations at the base of 
the tail or m the fluff feathers of the abdomen A fairly effective way 
of controlling this is to dust the birds tlioroughly with free sulphur, 
such ns is u«:cd in spra> mixtures, or to paint on the fluffy feathers 
of the abdomen a httle of the tobacco preparation, Black Leaf 40, that 
IS used for aphids 

Other Conditions Apart from infectious diseases, one must expect 
to lose some birds from tumors of spontaneous origin and from various 
di«:orders of reproduction Birds kept in batteries sometimes seem 
more subject than others to kidney diseases of various kinds Young 
chicks are hkeh to develop the bad habit of fcatlier pulling or too 
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INTRODUCTION 

There is no “hboratory” reptile comparable, for example, to the 
laboratorj rats and mice among mammals This chapter, therefore, 
deals with reptiles in general, and merely gives the principles of their 
care Reptiles constitute a class of vertebrates that includes snakes, 
lizards, turtles, orocodilians, and Sphenodon, a ‘ living fossil” of New 
Zealand on the point of extinction Snakes and lizards together form 
the order Squamata the turtles belong to tlie order Chelonia (Testu- 
dinata), and the crocodilians to the order Loiicata (Crocodilia) 

The initial difficulty in the care of reptiles lies m an adjustment 
to the slow reactions of most of these animals Nearly e^e^y human 
being has had some experience with mammals of some kind and 
therefore knows in a general way wlnt to expect of them A hungry 
mammal reacts to food quickly, whereas the hungry reptile may hesi- 
tate for many moments before seizing its prey A rat or other small 
mammal will defect an object from a distance, seize, and gobble it in 
a matter of seconds In contrast, a caged reptile might not even sense 
the presence of food at a distance, it often has trouble identifying 
food lying near or even on it There probably is no substitute for 
experience m dealing with reptiles, since no amount of description will 
cover all the types of apparent indifference to the environment One 
promising experiment was abandoned because the experimenter did 
not know that 'snakes feed infrequently, the labor of collecting earth- 
worms every day proved to be too great 

The little effort required to care for reptiles more than makes up for 
any difficulty m understanding tlicir behavior A collection of lep- 
tiles probably can be looked after in much Ic'^s than half tlic tunc 

*I am mdcbtccl to Dr Bcmanl Greenberg of Iloo<5c\eIt College Chicago, for 
reading the mnnuscript and mg much comtniclu o crilictsm 
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needed to care for a comparable lot of mammals or birds The ^ery 
fact that daily attention is not nccc«sarj and that an occa«iona 
three or four day lap«c can do no harm makes reptiles much less o a 
responsibility than the narm blooded \crtebrotcs 
Reptiles hibernate during the cold months of a temperate clima e 
but those kept warm in confinement remain actl^ c all the j ear Some 
individuals feed less regularly or even refuse to cat during the winter 
This should cause no concern since any reptile in good condition 
readily survives a fa«t of many weeks or even months A little extra 
feeding throughout the autumn is a good precautionary measure 
In spite of their requirement of relativclv high temperatures cap 
tue reptiles often succumb to summer conditions a fact proved by 
numerous reports of zoological gardens This hot w’cather mortality 
IS partly an aftermath of the fresh zoo acquisitions of early summer 
hut temperature extremes and feeding difiicultics of hot weather are 
al«o accountable (Schroeder 1939) Tropical reptiles often tide over 
the hot dry periods by estivating 

The problem of the reptiles tl crmal requirements is being carefully 
investigated by Cowles and Bogert who published a preliminary study 
m 1944 It IS becoming apparent that each species has an optimum 
temperature requirement which it satisfies by moving from a warm 
to cool place or vice versa Changes m body temperature arc rela 
lively rapid a fact that accounts for the quick death of captives 
exposed to direct sunlight from which there is no c«capc This is the 
first le«son that a reptile keeper must learn 
House rats will attack and kill small captive reptiles this rodent 
menace must be carefully guarded against 
An ultraviolet sun lamp should be used regularly on species that 
sun themselves when wild unices they have access to direct “unhght 
under laboratory conditions 

Two papers (Walker 1942 Hoopcs 1936) give much valuable m 
formation on the care of reptiles The former is written from the 
point of view of a zoo man the latter from that of a reptile fancier 

SNAKES 

There are more than 2000 species of snakes the majority of which 
are terrestrial an appreciable number of tropical forms are arboreal 
Semi aquatic to fully aquatic species arc numerous and widely dis 
tnbuted m both tropical and temperate regions The sea snakes 
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(Hydrophiidae) are strictly marine animals confined largely to the 
East Indian region In contrast to lizards, snakes are not abundant 
in very and regions 

Snakes are essentially specialized lizards That snakes branched off 
at an early date is shown by fossils found in the Cretaceous The 
extreme modifications that the snakes have undergone set them off 
sharply from other reptiles Their specialized feeding habits and loco- 
motion, both correlated with a loss of limbs, are among their most 
interesting features 

In spite of the universal fear of snakes, reptile houses are among 
the most popular parts of zoological gardens Consequently, mucli 
information on the handling *md care of «nakes has accumulated 
(Stemmier- ISIorath, 1938), and this group is treated more fully than 
any other 

Handling and Transportation 

The handling of snakes prc«cnls a special problem because of the 
widespread fear of them an elongate shape, and the venomous nature 
of certain kinds All tiic«c difficulties can be overcome the fear by 
using a httic self-control, and the other two by special methods de- 
scribed below 

In general, a large snake should be supported at several points oven 
though tlie neck is seized first, a snake held b> the neck alone is prone 
to thrash about Rough handling undoubtedly tends to keep any 
excitable mduidual wild and unmanageable and may injure it For 
reasons that arc not cxidcnt, very small snakes die if closely confined 
in the hand for more than a few minutes This applies only to 
indi\ iduals less tlian a foot long 

Tlic bites of harmless species less than fi\c feet long arc painless and 
seldom become infected Large, nggrc«nc mdniduals mai be treated 
like xenomous kinds Since a snake’s teeth slant inward, the reflexive 
jerk that the bitten person invariablj gives works to tlic advantage 
of the «!nakc If it docs not let go, the head should bo seized and 
pushed forward at the same time that lateral pressure bj the fingers 
*^pread‘t the jaws apart This will force tlic tcctli out of the victim’s 
no<h and allow the bitten part to be removed from the gaping jaws 

The ilangcrous «nakcfl of t!ii« country ha\o, with the exception of 
the coral snake**, a deep pit or cavitv anterior to the c>c and nt a 
'otnewhat lower lc\cl Thc<c arc the pit-vipci^, which include the 
topjx'rlu.ul ( \gJtstrotion contortnx)^ the water moccaMn or cotton- 
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mouth {Agkistrodon piscivorus) and the numerous species of 
mnkes {Crotalus and Sisinints) The coral snakes are recognized b} 
the black snout and bands of red jellow and black that complete y 
encircle the body A fei\ entirely harmless kinds the so called mimics 
arc strikingly 'imilar m general appearance The rvater moccasin 
and coral «nakes are confined to the southern part of the Uni e 
States the former are ab®ent from the «outhrs estern states, the latter 
cxce««i\ely rare there 

Venomous species should be first seized clo«c behind the head an 
supported at one other point before being rai«ed This procedure is 
facilitated by a snake stick {fig 1) with which the head is pinned 

Wrapped angle iron 
securely 1 xed 




Fio 1 Two types of enake slicks 


to the ground Sometimes the snake stick may be u«ed to raise the 
«nake b> the middle of the body and place it where desired, thus 
a^ouhng actual contact with the reptile 
The method illustrated in figure 2 has the advantage of safety for 
experimenter and snake alike since the former docs not even haxc to 
touch the snake and the latter is little if any annoj ed and w ill not be 
injured The basic piece of equipment is a tube of appropriate length 
made bj rolling a few «bctts of ccllulo'=e acetate and holding them 
m position bj rubber bands A gla^s tube may be u«ed but i® 
course non adjustable in bore and cracks readily One end of the 
tube IS closed b> a loosely fitting stopper controlled bj a U shaped 
piece of wire the other end remains open A cloth sack is then placed 
in a carton and the «ncks mouth held open by turning its border out 
ward oxer the nm of the carton A loop of string must be placed 
around the sack before arranging it A corner of the sack with a hole 
m It IS pulled through a small hole m a lower comer of the carton 
The protruding cNtrcmitx of the sack is then secured by ndhesixe tape 
around the open end of the tube Tlic snake is gently lifted with the 
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snake stick and lowered into the sack, wliich is at once closed by the 
string. The snake will soon crawl into the tube, where its position 
is controlled by the stopper. The tube is now separated from the 
sack. The snake can be handled in any way; being strongly thigmo- 
tactic, contact with the tube will keep it quiet for long periods. Once 
inside the tube, the most dangerous individual becomes innocuous 
and may be minutely examined A hole in the tube will allow scrutiny 
of any part of the snake. 



Fig. 2. Equipment for handling dangerous snakes and method of introducing 
specimens 

Jaros (1940) has described a simple operation by which a true viper 
or a pit-viper is rendered harmless. The venom duct is laid bare 
wliere it passes beneath the skin at a point directly below the eye. 
Electrocoagulation of the duct at this point prevents the future 
passage of venom to the fang. It has also been suggested that the 
duct could be tied off rather than severed by electrocoagulation. Oc- 
clusion of the duct apparently has no bad effect on the general health 
of the snake. 

It is well to keep a snake from ever striking at or biting a hard 
object. A snake stick sliould never be bold so that it can be bitten; 
a snake in a bov should not be teased or induced to strike the glass. 
Even slight injury to the mouth may develop into infection that is 
especially hard to control. 
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Keeping track of indiMtlunls of n 6cnc« housed together is no 
simple matter i\hcn “izc differences do not help Painting 8>mhols on 
an animal that «o frequenth sheds its entire bod) co\cring often 



stibcatKlal snipped 

Fio 3 Ventral > lew ol the ba-s-il wr on of a maVt s tail mark'll b> tl c Blanchard 
Tiaitcr mcti oil 

\sor«e than ii«elc«s The roo«t feasible v,ay to in«urc recognition of 
specimens has been dc«cribcd m detail b) Blanchard and Fin'tcr 
(1933) The) snip nith sharp sci'sors one or more of the subcaudal 

Wrem«h Inner Td 



Fio 4 Sh pping box for snakes 


plates or scales The fact that most snakes havo a double row of 
these plates makes it easy to deM«e a system that will allow a large 
number of specimens to be mdiiidually marked (fig 3) If the cut 
la made deep enough to expose the underlying muscles the resulting 
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scar rvill last for at least t«o or three years, eventually it may nearly 
or entireh disappear (Conant, 1948) , , , t 

The transportation of snakes presents a problem ^ 

office prohibition and express company regulations The 
fulfilled by a wooden or metal box nitli a handle, a lock, and a double 
top, the inner one made largely of wire screening or hardware cloth 
(fig 4) Marking the box cither “poisonous live snakes or harmless 
live snakes,” as the case may be, will caution against 
delay and rough handling When snakes are thus shipped it is well 
to put them first into bags These prevent injury and also keep t e 
larger snakes from devouring the smaller, a mishap that may occur 
even among non-ophiophagous species when they are closely confined 
together It is not necessary to provide food and water, since snakes 
are capable of such long fasts and do not readily succumb to thirst 
Bags are also the most practical containers for snakes being carried 
by hand, drawstrings should not be used because a snake can escape 
from a bag unless a string or rubber band is wound tightly around the 
mouth They invariably escape from eardboard boxes or any other 
container that is not securely and completely covered 


Housing 

Snakes thrive in boxes with a smooth inner surface and relatively 
small cubic content They do not seem to require exercise Wire 
cages are not suitable because restless snakes will injure their noses 
in their efforts to escape A sliding glass panel in front provides t e 
most convenient access Water deep enough to cover the occupant s 
head should be supplied in shallow containers that cannot readily be 
overturned It is imperative to keep the boxes diy even though semi- 
aquatic species are involved Therefore, if wood is used he ms de 
should be thoroughly painted or water-proofed m some other way 
Direct sunlight should never be allowed to flood the box because a 
snake will absorb heat and quickly succumb The temperate shou d 
bo maintained between 22 and 27° C to 80 F), espe- 

cially after feeding Cleanliness is essential Most indiv iduals w iff 
defecate two or three dajs after feeding, but the giant snakes may 
not do BO tor many days or even for several weeks The urine is 
"Ohd and often passes out with tlie feces Because snakes feed infre- 
quentlj and swallow their food whole, their ^ 

with 1 ttle effort The better the ventilation the less the trouble in 
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keeping the boxes dry Snakes like to hide under an> suitable flat 
object but it IS not necessarj to supply most of them uith such^ 
Although there is no objection to arranging a box “naturally” with 
earth branches and even water for swimming cnakes in general live 
as well without such elaborations Providing a few branches for 
arboreal kinds is a simple matter, but suppljmg earth merely adds 
to the difiicultj of cleaning Water snakes thnve with only enough 
water to drink Some of the small burrowing snakes as, for example, 
species of Leptotyphlops, must be supplied with moist sand (Burt, 
1935) The sand swimming desert species like those of the genus 
Chilomenwcus require dry sand 


Food and Feeding 

All snakes are carnivorous and swallow their food without chewing 
it The pieces thus consumed are relatively large In fact, a snake 
often finds difficulty m swallowing a small piece of food, especially 
if it is an active animal, which may literally leap or crawl out of the 
predator’s throat 

An object with a diameter several times that of the snake’s neck is 
readily swallowed, although giving such large objects is not recom- 
mended In general, the diameter of a suitable meal should not greatly 
exceed that of the snakes head, where the head and neck are about 
equal m girth, the food object may have a diameter three times that 
of the head The length of the food is of less consequence, a snake 
can easily swallow an object 10 to 25 per cent as long as its body In 
fact, it IS not unusual for a •snake to devour another snake equal to it 
m length and girth, the tail being zig sagged m the predator’s throat 
hole animals are the better food although strips of mu®cle may be 
u«ed in the absence of or to supplement whole animals A compromise 
cm be effected by introducing a strip of meat into the mouth just as 
the snake is about to finish its meal The swallowing reflex will 
usually continue until the meat has disappeared This method may 
induce a snake to eat raw meat independently 
Contrarj to general belief, dead animals will be accepted sooner 
or later by most snakes, an occasional individual maj steadfastly 
refu«e them Pit-vjpers have a heat sensitive organ in the head (the 
“pit ) and therefore take warm, freshly killed mammals much more 
readilj than the> take cold ones Dunking a dead rat or niou«e in 
hot water will often arou-^e a feeding reflex m a reluctant individual 
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Snake keepers use many other stratagems The food object may be 
manipulated to simulate the action of a living animal, or a small area 
of skin may be removed to gi\e better olfactory perception A more 
elaborate device is to place the object in a box with one small open- 
ing and allow the snake to crawl in Encountering the food thus in 
the dark mil occasionally arouse the desired reflexes Lowe (1943) 
has described such a feeding box A tube will serve the same pur- 
pose LeaMng the food in the cage overnight may help in feeding 
some nocturnal species 

Snakes should be fed three or four times a month but can live on 
much less frequent feedings They are often indifferent eaters, in 
selecting specimens this point should be borne in mind Food can be 
forced down their throats, but such a procedure should be resorted 
to only as an extreme measure after weeks or even months of starva- 
tion, and, m doing so, great care must be exercised to avoid injuring 
the mouth The temperature of the boxes should never be allowed 
to become low soon after a meal, lowering of the temperature appre- 
ciably slows up digestion Needless to say, rough handling will some- 
times cause a snake to eject a recent meal 

Snakes often eat other snakes Before mixing specimens it is wise 
to determine the food habits of the kinds involved Care must be 
exercised at feeding time or else two snakes may start to swallow the 
same object and meet at its middle, as often ns not, the larger snake 
IV ill consume the smaller one 

A snake with cloudy eyes usually refuses to eat and should not be 
coaxed to do so because the period before shedding is a critical onCy 
during which the snake should be let alone At such a time it is apt 
to strike wildly and thus injure itself or bite its keeper 

The disadvantages of having to use live annuals for food are many 
rats, mice and other small mammals arc prone to attack snakes and 
may even seriously injure them, a living ammni may readily escape 
both the keeper and reptiles 

Rodents and other small mammals and birds arc taken bj many 
of tlic larger snakes, injects by some of tlie smaller The natural food 
of species found in the United States and Canada is given bj Schmidt 
and Davis (1941) The raising of insects for reptile food is discussed 
below under the lizards 

Garter snakes ma> be induced to cat raw hamburger bj first mixing 
the meat with earthworms and then slowly reducing the amount of 
earthworms until the «nakcs arc eating onlj the meat 
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Health and Disease 

A snake in a good state of health should have no injury or inflam- 
mation in or about the mouth, the «km should be free of blisters and 
other blemishes (excepting old scars) and parasites Ecdjsis should 
take place regularly and completely The readiness v.ith which oo 
IS accepted may be used as an additional criterion even though some 
snakes in good health are inconsistent in this respect, they ^iH 
readily at one time and less "=0 at another If ample materia is 
a^allable ready feeders should be selected in preference to difflden 
ones 

A snake’s eyes become cloudy about eight days before ecdysis bu 
clear up two or three days before the molt is actually cast off During 
the interval beti\een the appearance of the cloudiness and ccd>‘*is, a 
great deal of moisture is lo«t through the skin (Bogert and Cowles, 
1947), and this lo«s is a health hazard that may be overcome by 
warm baths of a temperature about four Centigrade degrees higher 
than that in which the snake is constantly kept If the snake m«ists 
on crawling out of the water it is probably too warm Very large 
individuals may be covered with wet bath towels instead of bathed 
When molting is imminent, something heavy should be put in the 
cage a stone or small bnek wrapped m inner tubing rubber will do 
A light object will slide about when the snake pushes against it in its 
effort to molt 

When the «kin is shed incompletely, the remaining parts of it may 
be peeled off by allowing the snake to crawl through the hand again=t 
a moderate amount of resistance, or by u^ing tweezers for the re- 
mo\al of the eye caps and other fragments A record of each shedding, 
gi\ mg the date of clouding and clearing of the cornea and of actual 
ecdjsis, wall be useful for future reference The intciwal at which 
ecdj sis occurs vanes not only from species to species but from indi- 
Mdual to indiMdual, it may be expected to take place once in fi^e to 
ten weeks It should aI«o be complete, although the molt may come 
off m pieces 

Snakes caught in a wild state are frequently infected with both ecto- 
and cndoparasiles These parasites often ha\e little effect on the 
health of wild specimens which may, howe\er, develop symptoms 
after some time has been spent m capti\ ity Obviously, it is best to 
secure mdniduals relatncly free of infection 
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The following data show how commonly helminths occur in wild 
snakes Harwood (1932) examined 72 Texas snakes representing 17 
species and found helminths in all but one Nematodes were taken 
from 12, trematodes from 8, cestodes from only 3 species Mueller 
(1937) found 90 per cent of Florida water snakes [Natnx) infested 
with cestodes Fowler (1941) reports 83 flukes in one specimen of the 
common water snake {Natnx sipedon) These parasites inhabited 
the lung the trachea, and the intestines Another individual had 41 
tieraatodes m the mouth alone All parts of the reptiles may be 
invaded, including the subcutaneous connective tissue in which nema- 
todes have been seen to thrive and produce external sores over much 
of the body (Richmond, 1945) 

The degenerate arachnids known as hnguatulids live as adults in 
reptiles, chiefly snakes, a fish or a mammal is usually the intermediate 
host although the whole life history may be earned out in the reptile 
More than fifty species have been described These endoparasites 
are recognized by their laigc size, elongate, ringed bodies, and the two 
pairs of chitinous booklets that he on cither side of the mouth There 
is little information regarding the effect that linguatulids have on 
their hosts, so large a parasite must certainly be an unpleasant guest 
in the reptile lung, where the Imguatuhd usually lives Some species 
are more than three inches long in the adult stage 
Among ectoparasites mites arc the only very troublesome animals 
that attack snakes These pests are sometimes found on specimens 
taken wild, and it is therefore wise to examine fresh material care- 
fully A bad infection of mites will cause severe losses to a snake 
collection It is a simple matter to detect these parasites crowded 
under the edges of the scales Since shedding will often rid the 
snake of mites, a quarantine system should bo effecti\e Any snake 
Isolated until it has shed will bo free of mites unless it is so heavily 
infected that the slough splits at the point of infection and leaves 
the mites behind 

Zoological garden curators have tried various methods of fighting 
mites, but none of them is entirely satisfactory Giving the snakes 
baths m warm water is one simple and effective method The vic- 
tims must be forced to remain almost completely submerged for at 
least twontj-four hours A cage harboring mites must be washed 
with \er> hot, soapy water, and disinfected with hmc-sulphur dip or 
bichloride of mcrcurj Conant and Perkins (1931) gne further de- 
tails Mattlm (1947) had some success with flea powder After 
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Eprmklmg the powder .n=.de a tag he ^ [he taml 

fifteen m.nutes The cages are ”5 

nnuder A ecnou*’ infection v.as checked b> s> „ff«ptiee 

method, which other zoological gardens patients 

Perkins now uses jresh powdered pjrethmm and keeps t I 
in the bag for from one to sereral hours or, in the case of rerj 

individuals, e\cn days j isfi» and mor- 

Geimann and Eatclifle (1936) hare studied the ’■*“ “ 
phology of a protozoan. Entamoeba mvadens, that produces 
r„ snafes anS other reptiles This species prosed ^ 

Entamoeba hMytxea that the imestigators were *'=”P“ the 

a lanety of that well-known species They compare 

several other amoebae that parasitize reptiles Since reptiles 8 

from arooebm=is often die, this di^ca^e mu=t be considered a 

Vanous bactena iniadc the digestive tract of snakM and P'^““ 
enteritis, which is frequently fatal In tact, the zoological garden 
often sustain greater lo««C8 from maladies of the digesti\e 8> 
than from any other single cau^c Lo\eH (1930) has repo e 
bacteriological studies of fatal ca«es of enteritis that oceuwe m 
London Zoo but he nas able to idenlifj onl> a fcv. of the bacteri 
isolated It 13 nell to note his statement that animals must be ex- 
amined shortlj after death, or el«e putrefaction makes isolation of t 
lethal bactena all but impo««ible This is partlj caused b> the Wgn 
temperatures in which reptiles are kept 

Spontaneous tuberculosis m snakes has been di'cu'sed by Aronson 
(1929), who found that the bacillus imohed differs in antigenic an 
cultural character and staining reaction from the acid-fa=t baci i o 
warm blooded animals Cultures were made from the lungs and 
of the snakes It is possible that the germ found in reptiles is ^ 
a modified form of the one that attacks man and other w arm-bloo e 
animals (Glidden, 1936) 

Pneumonia and other dieca^cs of the respiratory system alwajs 
account for a large percentage of deaths among snakes li\ung m zoolog 
leal gardens Such causes can be prevented m small collections by 
keeping the snakes m well constructed, uniformly heated boxes 

Mouth rot, so frequently fatal, is seen onlj in snakes that are cap- 
tixes This di«ea«e is much feared by snake fanciers because it ^ 
especially hard to treat The victim succumbs in a few days to the 
acute form, whereas the chronic one persists for months and may al ® 
end fatally The symiptoms are refusal of food, reluctance to u«e the 
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tongue, and inability to close the mouth completely White spots 
may be seen on the edematous mucous membrane of the mouth, and 
the head often becomes twice its normal size Although primarily 
an infection of the oral lining, mouth-rot may attack the jaw bones 
and terminate in a generalized sepsis 

Burtscher (1932) investigated a senes of cases and was able to 
isolate a bacillus that he believes plays an important role m the 
development of the malady He was unable to work out any specific 
cure but recommended total warm baths, or painting or washing the 
affected parts with a good disinfectant such as a 3 per cent tincture 
of iodine Exposure to ultraviolet rays and use of vitamins are also 
methods that have been tried with more or less success 
Snakes are subject to various other diseases, but so little is known 
about them that even their listing is scarcely advisable The chances 
that they ■^ill appear m small collections are slight, if they do, the 
recording of data on their nature and effect is highly worth while 

Reproduction 

Anyone interested in experimental work that involves the breeding 
of snakes should, if possible, select a viviparous species because the 
care of reptile eggs is troublesome This is in strong contrast to the 
care of the youngest snakes, since reptiles are born, or hatched, fully 
prepared to fend for themselves Although many of our native snakes 
lay eggs, three large groups, the garter snakes (T/iamnophts), the 
water snakes {Natnx) , and the pit-vipers {Agkistrodon, Crotalus, and 
Sisirurus] bear fheir young alive The question of viviparity versus 
ovipanty in snakes and lizards is discussed below under the reproduc- 
tion of lizards 

The sexmg of snakes pre'^ents certain difficulties because external 
sexual characters seldom occur If a series of adults is at hand, the 
tail of the females (viewed from below) will be found to taper more 
or less abruptly near the -vent, in contrast, the tail of the males will 
maintain a uniform width for a short distance Pre‘?sure on the tail 
a little caudad to the vent will force the hemipenes of the male into 
view, especially when the pressure is directed toward that orifice 
If hemipenes do not appear, it maj be hard to decide whether the 
pressure is insufficient or the specimen is a female The matter is not 
simple even when dissection can be made there is a striking though 
superficial, ‘similarity between the anal glands of females and the 
hemipenes 
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Some hardy species will breed in captuity Courtship patterns ^atw 
so much that an understanding of tliem is helpful Davis (1936), 
Noble (1937), and Blanchard and Blanchard (1942) discuss them m 
sufficient detail The last reference concerns garter snakes only After 
mating there are no special precautions that must be taken cxcep 
to Isolate females vv ith advanced embryos in a place suitable for laying 
or giving birth 

The period of gestation in snakes is hard to determine because the 
sperm may live for weeks in the oviducts, and the rate of development 
vanes with the temperature of the mother Under natural conditions 
mating takes place in the spring and the >oung appear in the summer 
or early autumn Autumn matings produce young at the usual time 
In the egg laying forms the considerable development that may take 
place before deposition shortens the incubation period 

A female about to lay must be watched constantly so that the eggs 
can be promptly removed before desiccation kills the embryos The 
eggs are elongate in shape, almost or entirely unpigmented, and have 
a parchment like shell Development will usually take place if the 
eggs are placed on thin stones that m turn rest on a layer of moist 
sterile sand m a covered glass container This will keep the humiditj 
relatively constant A high temperature (24 to 27® C , 75 to 80® F ) 
will facilitate rapid development Any absorptive substance such as 
sphagnum moss that can be rendered sterile may be used instead of 
«and The container must be relatively large, the eggs should not 
occupy more than 5 or 10 per cent of its internal volume Since the 
eggs are quickly spoiled by mold there is some advantage in keeping 
them m the light rather than in the dark Shnvehng of a fertile egg 
IS a sign that greater humidity is needed the eggs normally increase 
in size and remain smooth and firm to the touch The period of 
incubation vanes from species to species and with the temperature 
Schmidt and Davis (1941) give the normal periods for our native 
forms 

The live bearing female should produce her young without trouble 
or <special attention The newborn soon escape from the birth mem 
brane and crawl about The first ecdysis occurs m a few days Inves 
tigators who want senes of living embryos from the same female ma> 
u'e the technique de«cnbed by Clark (1937) and modified by Franklm 
(1945) 

All young snakes can escape through the smallest cracks and holes 
so thej must be kept in tight containers Some of them probabl> 
have food requirements unlike tho«e of adults, but little information 
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on this subject is available They will live for weeks if not months 
without food, but they should, of course, be fed as frequently as the 
adults, and supplied with water 

LIZARDS 

Among more than 2000 specie^ of lizards there are numerous ter- 
restrial and arboreal tjpcs Aquatic species are few in number, truly 
marine ones unknown Deserts and other and regions abound in 
lizards Lizards did not flourish until the Cretaceous, although fossil 
forms are known from the Jurassic 
Since lizards create no strong emotional reaction in man, and there- 
fore do not make such popular zoo exhibits as snakes, it is not surpris- 
ing that information on lizard care is relatively hard to find More- 
over, lizards are comparatively easy to understand and care for because 
of their less specialized form and behavior The legless lizards with 
fragile tails, such as the glass snakes {Ophisaurxis) , are exceptions 
Lizards of the genus Anohs, commonly known as “chameleons” and 
“anolcs,” swarm in the New World tropics and are often sold as pets 
by circuses They have been used m the zoological laboratory because 
many of the numerous species are readily secured in quantity through 
dealers The anolcs perhaps come as near being suitable laboratory 
lizards for American workers as any other saunans They are not 
to be confused with the true chameleons (Chamaeleomdac) of the 
Old World, chiefly Africa The true clinmclcons are really aberrant 
agnmids, whereas their Ameiican namesakes are iguamds The con- 
fusion arose because both are arboreaf groups with a striking abihtj 
to change color 

Handling and Transportation 

The handling of lizards presents little difficulty because few species 
are \cnomous and most of them cling to any available object The 
two spccica of beaded lizards, or Gila monsters [Heloderma) , are the 
only \enomous kinds ^Ian> others will bite, but they can do little 
harm Heavj gloves should be worn when lizards more than twenty 
inches long aic handled because their teeth can inflict ugly wounds 
E\cn the beaded lizards become docile m captiMty and can be handled 
with httlc danger 

So mnnj lizards have fragile tails that a good rule is always to seize 
the bodj and allow the tail to go unrestrained The greatest precau- 
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tion maj be inefTcctue in keeping an actuc skink from losing the tail 
The loss of this appendage has no bad effects on the health of the 
o^-ner, a new but mfenor tad will slonh replace the original one 
A \ery small lizard should nc\cr be cnclo«ed b> the hand for more 
than a few moments, ‘^ince doing so ma\ kill it 
Lizards are comcnitntlj carried about in cloth bags or paper boxes 
although they arc prone to c«capc from the latter The> can be 
shipped in simple boxes or sent am the post office in mailing tubes 
Sphagnum mo s or sticks will keep them from being damaged m 
transit Small induaduals can now be «tnt to almo'^t anj part of 
the world bj air Like snakes, tlicj li\c for weeks without food or 
water and therefore need not be proMded with such while in transit 
Marking mduidual lizards for future recognition ma> be 6irapl> 
accomplished by cutting off the toes in combinations Attaching skin 
clips to the side of the neck and painting numbers on the body are 
methods that maj al«o he u«cd Painted numbers, of course, are lost 
at each molt 


Housing 

Lizards may be kept m man> Ijpcs of cagc«, the size of which JS 
of no great importance Exerci«c is not required 
The ground Using forms ha\c some lendcnc> to rub their noses 
against a rough surface, but, in general, wire screening ma> be u*ed 
m spite of this Arboreal species «hould be pro\ided with branches 
on which to climb, terrestrial forms with flat objects such as boards 
or strips of bark under which to hide Skinks and certain burrowing 
lizards the amphisbaemds, for instance, apparentlj lo'e moisture 
rapidly through the skin (Bogert and Cowles 1947) and therefore 
should have in the cage damp sand covered with pieces of bark or 
wood 

Lizards that will not dnnk out of a >e 3 «el can be given water by 
sprinkling leaves of plants kept m the cages There is remarkably 
little information on this a«pect of lizard behavior Direct sunlight 
may kill a lizard that cannot escape from it so some «hade is needed 
a a times The temperature should be maintamed between 22 
an 27 C (72 to 80® F ) The cages should be kept clean and dry 

izar s swarm in warm arid regions and in captivitj many of them 
require a sandj substratum Apparentlj , a lizard does well on sand, 
whereas many snakes thrive on a bare floor Few lizards are semi 
aquatic none truly aquatic 
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Food and Feeding 

Like other reptiles, lizards are sometimes slow in their reactions 
to food, and therefore feeding them may call for great patience, 
indifference to food may be of limited duration Mo\eraent of the 
food object is often necessary for camnorous forms, in such cases, 
live animals supply the proper stimulus As a rule, lizards should 
be fed at least four times a week However, skipping a meal now 
and then will do no harm, especially if hearty feeders are involved 
The live-food eaters will chase their prey about the cage Vessels 
containing fl> mg prey may be uncovered in a tightly closed cage 
The vast majority of lizards subsist on insects and other small 
mvertebrates, a few are omnivorous, and a few others entirely her- 
bivorous In the United States (and Canada) all but the crested 
lizard (Dipsosaurtis) and the cliuckwalla (Sauromaltis) are carniv- 
orous Both occur in the extreme southwestern part of this country, 
where they subsist on the more tender parts of desert plants In 
captivity, the chuckwalla will eat lettuce, watermelon, cantaloupe, 
bananas, flowers, and similar plant matter The few omnivorous 
lizards belong to the rough scaled group [Sceloporus ) , since they also 
eat invertebrates as well as plants, they may be fed as if they were 
wholly carnivorous It is common practice to feed certain large forms 
such as the Old AVorld monitors (Varanws) , the Gih monsters (Helo- 
derma), and the giant stump-tailcd skink of Australia (Trachysaurus) 
raw eggs mixed with chopped meat, which is presented in a low dish 
The giant skink will also take small lizards and snakes, soft fruits, 
and flowers, the monitors, rat«, fishes, and birds 

Specific feeding habits of any of our native lizards may be deter- 
mined by reading the complete accounts of life histones given by 
Smith (1946) Ratcliffe (1941, 1942) describes a diet that has been 
used with success in feeding large and small carnivorous lizards in the 
Philadelphia Zoological Garden His mixture contains so many in- 
gredients that it would be practical only when largo numbers of 
lizards make the raising or purchase of live food difficult 
Food for insectivorous lizards is easily procured during warm 
weather in meadows and open, grassj fields by sweeping a strong 
butterfly net back and forth through high grass A quick turn at the 
end of the last stroke will clo«!C the net 
It IS, of course, more satisfactory to have a permanent supply of 
food Several kinds of injects lend themsehes to laboratoiy culture 
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Among them, the meal worm is probablj the easiest to keep in stock 
This IS a black beetle lan,a {Tenebno molitor) that li\es on bran and 
thmes m trajs or boxes An initial Buppl> is easily secured, since 
pet shops handle meal v,orms They have hard bodies and therefore 
should not bo fed too steadily to the same lizards Blon flies 
{Cynomym) are second only to meal worms as food for lizards The 
usual method of rearing thc«e flies is both time consuming and filth>, 
but Frings (1941) has de'cnbed a simple method that largely obviates 
the«e difficulties 

Although wax worms and wax moths {Gallena inellonella) are much 
more difficult to raise and to handle than meal worms and blowflies, 
they are excellent food for delicate lizards The worms are a pest in 
apiaries, whence they maj be procured Their food is old brood comb, 
if this IS not available, a mixture of one part each of fine com meal 
and dried powdered yeast and two parts each of whole wheat flour, 
skimmed milk powder, and standard wheat middlings may be substi- 
tuted The proper consistency can be attained b> adding honey and 
glycerine in equal amounts (Hydak, 1936) Fruit flics (Drosophila), 
u«ed so often for experiments m zoological laboratories, may be fed 
to vcr> «maU hatchling lizards Thc«e flies arc commonlj bred in 
milk bottles During the summer months cxpo«cd meat will soon 
give an abundant supply of hou«c fly maggots Methods of rai®ing 
the foregoing and other kinds of live invertebrates suitable for lizard 
food are dealt with in detail by Snedigar (1939) and Walker (1942) 


Health and Disease 

A lizard in good health will feed regularly and have an alert manner 
and a sl-in tree of blemi-hcs It should not be emaciated Food may 
not a ways be accepted at once, due allowance must be made for the 
slow reptile reactions already di-cus-ed 
Ecds "IS IS not so clearly related to health in lizards as it is m snaUs 
and does not therefore sene as well in allowing one to judge the 
general condition The process ocenre at either regular or irregular 
'ary greatly from species to species It may 
c p ace as often as twucc a month or as seldom as once a year 
1 C juveniles molt more often than the adults The molt does not 
at one time or different sections 
pvtwirs ^ different times, each 'section having its own individual 

.f Komctimes devoured The lizard often 

tself agam«t some object to get the edges free, and therefore 
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something suitable should be provided Ecdysis is aided by a mecha- 
nism that enables the lizard abruptly to increase the size of its head 
and thus loosen the skin (Bruner, 1907) Wetting a lizard ]ust before 
it sheds or ^liile it is shedding is often beneficial Some terrestrial 
species take ad\antagc of a shallo^v \esscl of water 
A wild-caught lizard may be host to a large number of external as 
well as internal parasites without showing any ill effects Since these 
parasites often assert themselves after captivity has lowered the host’s 
general \itahty, it is desirable to secure stock relatively free from 
infection 

Helminths are extremely common in wild lizards, as the following 
facts will illustrate Harwood (1932) examined 8 species of Texas 
lizards and found nematodes in 6 cestodes in 4, and trematodes in 2 
species A single species was uninfected, but it was represented by 
only one specimen A skink Leiolopisma laterale, harbored no fewer 
than 2 species of cestodes, 2 of trematodes, and 4 of nematodes Three 
of these species were found in from 20 to 37 per cent of the 11 speci- 
mens examined 

Lizards are much more commonly parasitized by mites than are 
snakes Ho doubt the former’s possession of limbs gives the parasites 
belter places for concealment, and the habit of walking rather than 
crawling keeps them from being scraped off In an intensive study 
of the relationship between mites and lizards, Lawrence (1935) found 
that the absence of imbricated scales, which afford convenient and 
more or less protected points of attachment, is the chief factor corre- 
lated with absence of parasites Serpentiform bodies limb reduction, 
and aquatic habits arc rated as minor factors The monitors (Varani- 
dae) , the true chameleons (Chamaeleonidae) , and the ringed lizards 
(Amphisbaenidae) do not scr\e as liosts for mites At the opposite 
extreme are certain geckos with deep pockets in the armpits that seem 
to ser\c as brooding sites for larval mites Lovendge (1926) removed 
fiftj nine larvae of the genus Trombicvla from a single pocket of 
Gymnodactylvs lauderanus 

Since mites become a pest in collections of captive lizards, it is well 
to a%oid introducing them It is, in fact, harder to rid lizards of 
mites than it is to get tlicm off snakes This is partly due to a dif- 
ference in the manner of shedding, partly because the lizard body 
affords better concealment, and partly because lizards do not lend 
thcmschcs *=0 rcadilj to almost complete submergence in a bath The 
methods of fighting mites described abo\c for snakes appl> as well 
to lizards except for tlie cases m whicli a lizard’s shape makes the 
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warm bath impractical The bag-and-powder method is probably 
more suitable for lizards A box may be substituted for the bag if 
the lizard is not easily placed m the former 
Lizards, like snakes, suffer from amoebiasis (Geiman and Ratcliffe, 
1936) and other disorders of the digestive s 3 Btem They also die of 
respiratory diseases, especially pneumonia The discussion of the di- 
gestive and respiratory maladies of snakes vsill apply in general to 
lizards, a fact that is not surprising in view of the close relationship 
of the^e groups 

Lizards in a wild state are frequently infected with malaria parasites 
{Plasmodium) Thompson and Huff (1944) list fourteen species of 
lizards in the blood of which these parasites have been found The 
distribution of the parasites is very sporadic m certain areas more 
than half of the lizards are infected, in others, not very distant and 
with a similar fauna, none The natural incidence m 1136 North and 
Central American lizards proved to be 9 4 per cent Species of the 
Iguanidac are moH frcqucntlj infected There is evidence that these 
lizard parasites attack a limited number of hosts Some lizards suc- 
cumb to the infection Other blood parasites of lizards are the coc- 
cidians of the genus Karyolysus 


Reproduction 

Anyone doing experimental nork that imolvcs the breeding of 
lizards nould do nell to select viviparous species and thus avoid the 
dlBieulties of incubating eggs Although lizards in general lay egg«, 
Uie numerous Ilvo-bearmg kinds arc nidely distnbuted over the earth 
For raamplc, the snake lizards and girdled lizards of Africa (Cordy- 
liilac) arc cntirelj , the cosmopolitan skinks (Scincidae) mostly, vivi- 
parous In North Amend, vivipantj occurs among species of the 
iguanid genera iPhrynosoma and Scefoponis) and the alligator lizards 
^ the night lizards (Xantusia) and the shoe el-snouted 

egless lizards {AntiMa) bear the young alive However, the skinks 
ra 0 e e only large family that is predominantly viviparous 
Although most textbooks explain Uic difference between reptile ovi- 
rliirn^nn" (oftcii callcd ov ov iMparitj ) as merely one of 

the has been shown that in some species of 

narent Ti^ ** ^ placental connection between embryo and 

snr^a.l III ' to be much more wide- 

orrcp^trp",aLTaLr'““‘ 
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The sexing of lizards is a simple matter m the numerous species 
that have marked differences in color or external form Many iguanids 
and some skinks are examples Much help can be derived from the 
descriptions of Smith (1946) In species without such convenient 
characters, the hemipenes can often be forced out by pressure just 
behind the vent This method is not satisfactory m skinks, geckos, 
and other lizards with fragile tails 
Lizards may be bred in captivity Learning what breeding behavior 
to expect IS relatively easy because a single pattern of courtship and 
copulation is usually found throughout a natural group Noble and 
Bradley (1933) have discussed saurian mating behavior and included 
an extensive bibliography Greenberg and Noble (1944) give a de- 
tailed account of the social behavior of the American chameleon 
{Anolis) The little that is knowTi about our native lizards is sum- 
marized species by species by Smith (1946) 

The varied laying and post-laying habits of lizards make the selec- 
tion of viviparous species strongly advisable Lizard eggs are almost 
or entirely unpigmented, are round to elongate in shape, and usually 
have a thin, parchment-like shell In geckos the shell is brittle and 
noticeably calcareous Gecko eggs consequently cannot increase in 
size during incubation as do those of nearly all other lizards 
Lizard eggs are deposited m different kinds of situations and hatch 
under a variety of conditions As a rule, however, they are deposited 
in the ground or under some stone or other object on the ground 
Not infrequently the female coils around her eggs and shows interest 
m them in other ways This js especially true of skinks Noble and 
Mason (1933) ha\e discussed lizard brooding habite in some detail, 
and summarize the literature 

Lizard eggs in general may be incubated somewhat like snake eggs 
if due aUo\\ance is made for the specialized habits of many lizards 
There is very little specific information on this subject 

Hatchling or newborn lizards require no special attention, they are 
able to fend for themselves upon arrival and will thrive for several 
months After this they are prone to die of what may be vitamin 
deficiencies 

TURTLES 

There arc onl> about 250 species of turtles Among these, one 
finds a great range of size from the gigantic marine types weighing 
hundreds of pounds to small species Ie‘5S than a pound in weight Many 
Engli’sh-speaking people use the word “turtle” only in referring to 
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manne form« in the United States and Canada it is an all inclu«ne 
tenn applied al®o to tl c terrapins and tortoi«e« 

The turtle® oldest of liMng reptiles were alrcad> encased in a shell 
by the Tria«®ic and ha\c shoned little tcndenc\ to change their Tia> 
of life in 17o 000 000 > car* The rigidity of the shell has forced them 
in respiration to rely on a method analogous to ilinphragm breathing 
(Hansen 1941) \IthouRh the shell is a most cfTcctnc armor for the 
adult It docs not de\clop early enough to protect the hatchlings which 
are therefore especially ^^Jlnc^able to attack from many predators 
other reptiles arc found m homos of the United Stale® as com 
monlj as arc turtles Thc<c are nearly aluays hatchlings that ha%c 
been sold through pet shops or as 6ou\enir® to toun«ts They seldom 
eat and grow but when the\ arc ncarK dead frequently find their 
x\ay to aquana and reptile hou«cs of zoological gardens just as young 
alligator® do In spite of thi® unfortunate traffic there is little infor 
mation a\ailable on the care of turtles in captivity 


Handling and Transportation 

There is little difficulty in the handling of roost turtles since thca 
can be picked up by the shell without damage to them or danger to 
their captor Turtles apt to bite should be earned by the tail if that 
appendap IS long as m the snapping turtles (Chelydridac) The 
soft shelled turtles (Tnonychidae) usually slnkc with 6urpn«mg speed 
an VTgorou® y scratch with their «harp claws It is safer to u®e licav'y 
ch dealing with large indmduals J»ot infrequently, the 
it!i ^ turtle to cooperate it may eimplv withdraw 

hi / impo®®ible In such a ca®e 

of a small elcctnc stove or 
itiHiiifinoi °n ^then thus slowly warmed the mo=t stubborn 

has hppTi emerge and walk away This simple method 

eomp tnrfi ^ ^11 sweeps in photography until heat is applied 

some turtles will remain withdrawn for hours 

and'l.aW^LT'*'? shipped in boxes or even in mailing tubes Food 
me them f provided but some padding is helpful in keep 

or he^r. ‘f 7"E fbout tcK. tr«ly be supplied 

Vo rent "“f ‘‘““P ^duble 

adhesive taoe marked than a turtle Strips of waterproof 

no larger than n * on the shell for long periods they should be 
the rear border nf Holes may be bored or notches made along 

rear border of the carapace Cagle (1939) has described a system 
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whereby large numbers can be permanently marked If few individu- 
als are involved, the notation of an asymmetrical arrangement of the 
horny shields or a scar on any part of the animal mil often suffice, 
turtles being likely to ha\e irregularities in the shell 


Housing 

Turtles occupy types of environment that range from and, waterless 
wastes to the high seas, in captivity they must be pro\ided for accord- 
ingly Adolescents and adults of the marine species can be kept m 
tanks of either fresh or salt water, the very young in sea water, which 
must bo frequently changed Artificial sea water is made by adding 
3 5 pounds of Turks Island salt to 100 pounds of water Water tem- 
peratures should be above 18® C (64® F ) , preferably from 20 to 
24° G (68 to 75° F ) Landing places do not have to be provided 
although wild individuals do bask on beaches Deraniyagala (1939) 
has written the most complete general account of marine turtle biology 
The majority of turtles are aquatic to semi-aquatic inhabitants of 
fresh waters and tlieir environments In North America the musk 
and mud turtles (Kmosternidae) , the snappers (Chelydndae), and 
the soft-shells (Tnonychidae) are the more aquatic groups All these 
should be provided with vivaria made up largely of water even though, 
with the possible exception of the soft-sliclled turtles, they will live 
on land Strict rules of cleanliness should be observed 

There are several genera of less aquatic Noith American turtles 
belonging to the family Tcstudinidae Most of them should have 
access to water, some almost invariably refuse to swallow food unless 
the head is submerged There is, however, no apparent mechanical 
reason why they cannot swallow when out of water 

A large genus (Testudo) of terrestrial "tortoises" is widely dis- 
tributed but does not reach the confines of the United States and 
Canada In the former country, the gophers [Gopherus) are the only 
stneth terrestrial turtles, although the box turtles are largely so All 
these terrestrial kinds will live in virtually any type of terrarium and 
need only water for drinking except some of the box turtles that soak 
in «haIlow water when the atmosphere is hot and dry The general 
rule that exposure to strong sun is a reptile’s greatest danger applies 
to turtles They nl«o require high temperatures, 22 to 27° C (72 to 
80° F ) Drinking water is best given in a dish just deep enough to 
allow submersion of the mouth, water can even be dispensed with if 
a large amount of succulent food such ns lettuce and melon is provided 



322 BEPTn.rS 

tInco\ercd earth m a M\nnmn \iill ndhcrc lo the feet of 
and keep the ^ ater raucld\ This cliflicuUs can be ac oidcd b> omitlins 
the earth or corermE it nitll flat stones or pieces of nood aniai 
pebbles sliould also be covered because tbcj often ‘"'"'1 , , 

female ready to lay must, of course, be supplied uith cartti in 
to dig 

Food and Feeding 

Turtles do not hIl^c \'iricd or epcemlizcd methods of eating 
u®e their hornj, sharp edged )nus to bile out mouthful®, v iic i nr 
swallowed without being masticated Chws of the forefeet 
separating a mouthful from the main ma®s Since turtles nrc u 
apt to make a "mess,” it la often expedient to take them out of ic 
M\anum before feeding 

Good feeders arc prone to cat too much and become \ erv fat 
IS no need to feed more than three times a week For obstinate eater®, 
mo^e^lcnt of h\c food helps, although turtles pcrccixe a food 
more readily than do snakes InduiduaU of an> scmi-aquatic km 
that refuse food on land should be gi\cn it m the water, a few species 
habitually refuse to swallowr unless the head is submerged 

Specialization in choice of food i« also rare in turtles Many specie® 
are omni\orous and a number will dcaour carrion Fruits, melons, 
and other tender, succulent parts of plants arc most suitable because 
of the mechanical difficulty the turtle has in biting through tough, 
fibrous material Small imcrlcbralcs, such as earthworms, slugs, and 
snails, buaUes with thin shells, crustaceans, and insects (lar\al and 
otherwise), constitute most of the animal food, adult or larval cold- 
blooded vertebrates and, lc«s frequcntlj, small mammals and birds 
are also eaten Obviously, turtle food is easily procured The feeding 
habits of the species found in the United States and Canada are gi' cn 
by Pope (1939) 

In general, it may be «aid that the snappers, the mu®k and mud 
turtles, and the soft-shells arc entirely, or at least predominantlj , 
carnivorous, whereas the gopher turtles are herbivorous Most of the 
others seem to be omnivorous Among those well knowm to be omniv- 
orous are the painted turtles (Ckrysemys) and the box turtles [Terra- 
■pene) 

A paper by Pearse Lepkovsky, and Hmtze (1925) gives «ome inter- 
esting facts about turtle diets Painted turtles are dealt wnth in great- 
est detail 
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Health and Disease 

A healthy turtle does not drag itself about but lifts the body off 
the ground when walking The shell is firm and without sores or soft 
areas There should be no external parasites on either shell or skin, 
and the eyes should be clear and m good condition 
A deficient diet causes the eyes to become inflamed and the lids to 
stick together The eyes of very young turtles fed on such food as 
the “ant eggs ’ commonly sold by pet shops are sure to develop inflam- 
mation that IS quickly cured by an abundance of fresh, natural food 
The shell of hatchlings recening a deficient diet and too little sun- 
light will remain soft Loveridgc (1947) suggests that the shell malady 
may be prevented by keeping a lump of plaster of Pans m the water 
of aquatic species or mixing crushed chicken bones with the food of 
the terrestrial ones 

The results of the examination by Harwood (1932) of 64 Texas 
turtles representing 8 species show how commonly these reptiles are 
infested with helminths Nematodes were found in one or more speci 
mens of all the species trematodes in 5 In 1941, Hughes, Baker, 
and Dawson published a list of 8 species of turtles from which cestodes 
have been taken That helminths sometimes produce acute pathologi- 
cal conditions is shown by two papers, one by Smith, Coates, and 
Nigrclli (1941), the otlicr by Smith and Coates (1939) The former 
describes a di«ca«c of the gall bladder associated with a fluke, the 
latter fibrocpithchal tumors on a turtle of the same raanne species, 

Aquatic turtles are frequently attacked by leeches, which adhere 
to the shell as well ns to the skin and may apparentlj affect the health 
Terrestrial species arc sometimes infested with mites, Ewing (1926) 
found the common North American chigger {Trombtcula) on the box 
turtle, Tcrrapcnc carohna The lar\a of a hot flj, Sarcophaga cw- 
fwdinis, dc\ clops under the skin and in the shell of terrestrial forms, 
such as species of Terrapene, and produces large swellings 

Enteritis is the most common cause of death in captnc turtles 

Reproduction 

All turtles are oMparous and deposit their cgqs on a "unnj bank or 
l>cnch nr, for that matter, anv other aaailablc place exposed to the 
sun The female buries her clutch m the earth or plant d^bns and 



324 REPTILES 

leaves it to be hatched by solar heat or that of decomposition The 
depth of the nest is determined by the length of the hind limb of the 
layer, a point to be considered m providing laying sites for gravid 
females The forehmb is nc\cr used m digging the nest The clutches 
vary greatly in size from species to species, some containing only a 
few eggs, others many score The eggs arc round to elongate m shape 
and ha\e an unpigmentcd shell Details of the laying habits of the 
species found in the United States and Canada are gi\en by Pope 


( 1939 ) 

External sexual differences are present m man> kinds of turtles 
The most common and comcnient difference to u«e in sexing is the 
relatively long tail of the male, the length taken as the distance from 
the vent to the tip of the tail This character is especially marked 
in the musk and mud turtles (Kmostcmidae) and m the sea turtles, 
but differences can be detected in nearly all kinds The male mu®k 
and mud turtles have two patches of homy scales on the inner side 
of each hind limb An interesting sexual character is found m the 
painted turtles {Chrysemys) the nails of the male’s forehmb are 
much longer than those of the hind limb, and tno to three times as 
long as any of tho«e of the female In some species of box turtle"i 
the plastron of the male has a concavity that contrasts sharply with 
the flat to slightly con^ex plastron of the female 
Age determination is so difficult for most reptiles that the subject 
has not been dealt with in other groups Such is not the case with the 
turtles that retain growth rings m the homy shields of the carapace 
Each ring indicates a year of growth, and, if the senes is complete, 
the ongmal, relatively rough-surfaced shield can be seen occupying 
an off-center position In individuals well past matunty the fir't 
8 le ds are i\orn off, and age can no longer be told with accuracy The 
ox turtles (Terrapene) , the gophers {Gopherus), and species of the 
large genus Testudo ha\e shells with easily counted growth rings 
In the United States and Canada, turtles usually lay dunng June and 
^ Incubation requires several weeks, and its duration is 

re uce by higher temperatures, in more northern regions, the hatch- 
mg or at least actual emergence from the nest, of some species, mav 
be delayed until spnng 

remarkable thing about turtle reproduction is the abilitj 
01 the diamond-back “terrapins” (Jl/afacfemmys) to lay fertile eggs 

> ears after a single period of copulating TJie second 
wnth dimmution in percentage of fertility as compared 

decreases hut ^ of mating, thereafter the percentage rapidl> 

dccrea es but some e% idence of fertility persists for four seasons This 
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fact was well established by the artificial propagation experiments 
carried on for many years at Beaufort, N C (Hildebrand, 1930, 1932) 
The biological implications have not been investigated, nor have the 
reproductive habits of other turtles been sufficiently studied to deter- 
mine how widespread among turtles is this unusual attribute of the 
diamond-backs 

Cagle (1944) has described a technique for obtaining fertile turtle 
eggs without having to provide the female with a nesting place The 
mam difficulty is to determine just when the eggs are ready to be 
removed, their dissection from the oviducts after the female’s plastron 
has been cut away is simple enough The female is supported or held 
in a vertical position, and its abdomen palped from each side with 
the forefingers Thus the eggs may be felt and their condition deter- 
mined If the species lays an egg with a flexible shell, the ripe egg 
will tend to resume its original shape after being indented by pressure 
Hard-shelled eggs when mature cannot be indented 

CKOCODILIANS 

The recent crocodilians, a mere remnant of a glorious past going 
back to Cretaceous times, include but twenty-five distinct species all 
save two of which are tropical or subtropical, the American and Chi- 
nese alligators inhabit the temperate region The Chinese alligator 
IS on the \ergc of extinction The crocodilians are descendants of 
Tnassic, thecodont reptiles that also gave rise to the dinosaurs The 
term “crocodilian” is used herein to include all members of the order 
Crocodilia or Loncata alligators, caimans, gaxuals, and crocodiles 
Although the crocodilians are much too large ever to become favorite 
laboratory reptiles, their interesting structure, as well as their rela- 
tionsliip to tlio dinosaurs, some of which reached gigantic proportions, 
makes them of special interest to students of evolution All croco- 
dilians are essentially aquatic and lay eggs, which they bury near the 
water m sand or \cgetablc debris No breeding directions are in- 
cluded bccau-jc of the impracticably of dealing with such a large 
creature in the laboratory Crocodilians arc rarely, if c\cr, bred in 
zoos, although not brctl in zoos, they arc always exhibited in them, 
“onietimcs in great numbers 


Handling and Transportation 

Young alligators and crociKlilus can be boxed and shipped h\ express 
Without food and water much as otlicr reptiles of similar sno arc 
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shipped Greater care must be taken m guarding against low tem- 
peratures since crocoditians ma> lo^c their appetite after exposure 
to cold and refu«e to cat again 

An alligator onl> a fen feet long can be handled safelj if the jaws 
are first seized and held shut This method is c%cn u®cd b> t c 
experienced on large alligators, but, in the individuals with great 
weight the tail is a formidable weapon that can casilj knock the feet 
from under a man Mo‘»t crocodiles arc more active and aggrc««i'C 
than alligators and must be bandied with this m mind A crocodilian 
in the water should never be allowetl to seize a hand or leg becau®e 
the reptile mas revolve on its long axis and thus give the limb a ter- 
rific twi«:t Biting striking with the tail, and twisting arc the croco- 
dihan’s only means of inflicting damage 

Housing 

Above all el«e, young crocodilians mu®t be kept warm The roo*t 
suitable temperature is about 27® C (80® T ) , although an occa lonal 
drop to 24® C (75® F) will do no great harm, c«pcciBll> in winter 
These reptiles live well in a vivanum that is equally divided be 
tween dry land and water, the water must be deep enough to float the 
inmates Each section should have a diameter equal to the length 
of the largest «pccimen It is advisable to have the sun «hine on 
enough of the drj area to allow v«luntor> sunbaths, sunlight from 
which there is no refuge can be highly dangerous Tlic vivanum 
should be kept clean Espccinllj troublesome in this regard arc bits 
of uncoDsuraed food 

Food and Feeding 

Crocodilians are carnivorous, in a wild state thej cat a great variety 
of animals from small invertebrates to large vertebrates In captivity, 
a diet of liver, raw lean beef, or fish and fish cleanings will suffice 
Cod liver oil may be added if more \ itamins seem to be needed 
The cleanings do not have to be included more than tw o or three times 
a month 

Food should be given three or four times a week, the emission of b 
feeding once m a while will do no harm 
For very small mdividuats the meat or fish should be cut mto 
strips two to four inches long having the diameter of a pencil A 
stnp should then be dangled near the crocodilian’s jaws and released 
as soon as it takes hold About six of these strips will satisfy such a 
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specimen In contrast to most other reptiles crocodilians will learn to 
come when called at meal times Many very young individuals will 
not feed -voluntarily Food may be forced into them by gently prying 
the jans open wide enough to allow a strip of meat to be pushed 
well into the throat by a blunt object the size of a pencil 


Health and Disease 

Countless thousands of alligators have been shipped from the 
southeastern into the northern states as souvenirs, many of these 
eventually have found their way into aquaria and zoo reptile houses, 
where they almost invariably arrive in a bad state of health The 
New York Aquanum is one of the unwilling victims of this traffic 
Curator aquanst Coates has written detailed directions for the care 
of baby alligators He gives the following criteria for judging the 
infant alligator’s state of health one in good condition has a firm 
skin, a slight swelling at the base of the tail, and no teeth that are 
loose, the manner is alert, and any slight disturbance will cause it to 
hold the mouth ajar, the eyes arc clear and follow movements of 
nearby objects, it should show some desire to move about when re- 
leased Sick specimens are inactive, but quick to snap, veiy ill ones 
will not exhibit even this much temper 
Healthy >oung alligators will grow about a foot a year under the 
best conditions 

Reese has dev oted many years of work to the crocodilians His early 
book (1915) gives a detailed account of their anatomy and develop 
ment, with emphasis on the American alligator In 1947, he published 
a bibliography of the group The natural lustorj of Alligator missis- 
sipxensis is described by McIUicnny (1935) Deranijagala (1939) 
has written an account of the natural history of crocodilians chieflj 
tho'c of the Old World References to the literature on this small 
group are thus made available, whereas tho^c on the remaining reptile 
group** c«pccinUv the lizards and snakes, are far too scattered and 
numerous to be brought together here 
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Amphibia are commonly used in laboratories for three purposes 
Their primary use is as an inexpensue and easily procured example 
of a simple vertebrate ^hich serves to acquaint the beginning biology 
student with the main features of vertebrate anatomy Trogs are the 
most common form used for this purpose though some teachers feel 
that mud puppies or axolotls are much better examples of a “gen- 
eralized” vertebrate than are the more specialized anura 
Amphibia may also be used to introduce the biologist or medical 
student to the study of physiology Ever since the accidental discov- 
ery of a nerve-muscle preparation by Galvani and the first obser\a 
tion of blood flowing through capillaries by Malpighi frogs ha\e been 
used to demonstrate these phenomena in laboratories the world 
around 

The third scientific use to which amphibia are well suited is that of 
providing abundant embryonic material which may be directly ob- 
sc^^ed or experimented upon from the time of fertilization until the 
cmbr>o becomes a free-swimraing larva This often rcquiies special 
care for prospective breeding adults and then care of the developing 
offspring 

It IS possible that the currently popular “male frog test” for preg- 
nancy (Galh ^[ainim, 1948, Wiltbci^er and Miller, 1948) may be- 
come firmly established, in which case a fourth use would ln\e to be 
added to tho'«e listed above At the present writing, it is too early to 
determine whether this test can be con'Jidercd thorouglily reliable, 
and furtlicr work is necessary in standardizing such \ariable factors 
as size, species, sea'^ons, etc 

Most «chools procure the material needed for morphological or 
physiological studies just before it is to be used, no particular 
problems aricc in connection with the care of such animals Securing 
331 
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examples of all the early developmental stages, however, often pre- 
sents difficulties If one wants living embryonic material merely for 
classroom uork, the easiest procedure is to arrange that part of tie 
laboratory schedule to correspond with the local spring breeding sea- 
son and then collect egg masses of fro^ or of salamanders as neede 
The season usually starts with the rams that follow the spring thaw, 
and in the east, this is heralded by the bcll-like peeping of Hy o 
crucifer, the spring peeper 

The first common amphibia (in the cast) to spawn are the woo 
frog (Rona sylvatica) and the spotted salamander (Amblystoma 
■punctatum) In regions where the tiger salamander {A tignnum) is 
present, it spawns a little earlier than the two forms just mentioned 
A short while after these forms ha\e spawned, one may expect to find 
egg masses of the leopard frog (fi pipiens) and then eggs of the 
pickerel frog (R palustm) After the«c eggs ha\e had a chance to 
hatch and start on their careers as tadpoles, one may find egg rafts 
of the green frog (R clamilans) and finally in the late spring huge 
raas«es of eggs from the bullfrog (R catesbiana) 

If local ponds and swamps arc watched carefully for one season, 
keeping records of dates when eggs are found and the general weather 
conditions, it will be possible to guess pretty closely in subsequent 
seasons when one maj expect to find eggs Very cold weather delays 
tlie progress of the season, while unseasonably warm weather may 
speed It up A soaking warm rain at night will almost always stimu 
late spawTung if it occurs within a week before or after the average 
spawning date Hcncc, the best time to collect mating adults is on 
rainy nights, and the best time to find eggs m the one-cell stage is on 
mornings after a night of ram Most of these early breeders collected 
during their spawning season will spawn when placed in suitable 
laboratorj aquaria but after they haae done this they should be re- 
turned to their natiNc habitat, for they rarely continue to liae well 
in captiMtj 

If one wishes to have live amphibian eggs at certain definite dates, 
regardless of the season of the year, one must resort to artificially 
induced epiwnings or maintam a colony of animals which may b® 
relied on to mate when properly stimulated The first method 13 
much easier and lc*s expensive 

olf (1929) was the first to report the elTccts of pituitary stimula- 
tion on reproduction m frogs, and this work was followed by similar 
studios b> se\cral imcstigators Hugh (1934, 1935) reports tech- 
niques whereb> anuran eggs ma> be secured at an> season of the j ear 
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by means of proper pituitary stimulation All that is needed is a 
supply of gravid frogs and a cool place (10 to 12° C ) in which to 
keep them until such times as the eg^ are desired For details of 
techniques, sec papers by Hugh 

Frog’s eggs arc admirably suited for cla'ssroom demonstrations of 
living vertebrate development, and they arc also useful for many 
t>pes of experimental procedures However, many investigators in 
the field of experimental crabrjology prefer to use salamander eggs 
because both the eggs and their individual cells are larger in size 
Salamanders cannot be secured commercially as easily as frogs, so 
one cannot apply the same tecliniquc to them for procuring eggs 
In many localities, however, some species of Tnturus may be found 
occurring in large enough numbers to make them a suitable source 
of embryonic material If females can be collected before they have 
spanned, they mil usually deposit eggs shortly after being brought 
into the laboratory When these animals are kept at room tempera- 
ture for a period of time they no longer spawn spontaneously, and, if 
spawning is induced by pituitary stimulation, a large percentage 
of the eggs thus secured may develop abnormally Normal spann- 
ing may be postponed by refrigerating freshly caught animals and 
holding them at low temperatures until the eggs arc desired As far 
as the author knows, these difficulties are encountered with all our 
nati\e urodcles The Japanese newt {Tntiinis pyrrhogaster) and the 
Spanish salamander {Pleurodeles waltl), however, both seem to adapt 
themsehes to laboratory life and may remain healthy and produce 
viable eggs for several seasons 

When one has no outdoor source from which to collect material, 
an alternatnc solution is to maintain a colony of breeding adults, but 
this has the disadvantages of taking up space, requiring constant care, 
and necessitating the expense of maintenance Also there is the prob- 
lem of finding species amenable to laboratory conditions Let us 
consider this last point first 

The salamander whose eggs have been most commonly used for 
expcnmental purposes, Amblystoma punctatum, is rather difficult to 
raise m the laboratorj’ It requires a good deal of personal attention 
and patience in feeding and hence becomes too expensive to raise 
except m certain special cases (albinos, etc ) Also, it will not spawn 
in the laboratory unless specially treated 

Amblystoma Ugrinum is much more amenable to laboratoty condi- 
tions and learns to accept food when it is offered At the Morns 
Biological Fann of The Wistar In^ftitute, the author demonstrated 



334 


AMPHIBIA 


to his OUT! “sati^raction, that it noulcl be po‘=‘>iblc to maintain a ^ 
of A tignnum \Mth \er> little personal ^ork, proMcIins one liao 
rather unusual facihtica there a\ailable The echeme, uhich v.as 
carried out for three conseewtue pca«ons, ^as to place the sa a 
manclcrs after they had spawmed m the spnng, in a large cnc osurc 
^hich simulated their natural si\amp-wood habitat This enclosure, 
surrounded by deeply sunken cement ivalls and co\ ered oa cr with ire 
netting “crvcd to preaent the animals from escaping and, at the same 
time, kept out their natural enemies such as snakes and birds of prey 
In the fall thc«e animals ucrc collected and put in a cold room ( 
to 42° F ) to hibernate When eggs Ticre desired a few animals were 
rcmo\cd and placed m a spawning tank, where eggs were u«ua y 
deposited during the third night after rcmoaal of the animals from 
the cold room In this way it was possible to get eggs when desire , 
and eggs were obtained as late as June, thougb the normal breeding 
sea'on for A tignnum in this part of the cast is about the end o 
February 

The urodelc of choice to h\c under ordinary laboratory condition* 
seems to be the Mexican axolotl, which has been u«cd m laboratories 
eaer siacc the time of the early Spameh conquerors, who are said to 
haae introduced it into Europe This ncotonous form is like an over- 
grown A tignnum larva It adapts U«clf easily to varied conditions 
and may be induced to spawn quite readily A single female usually 
lays several hundred eggs, so a few breeding adults can produce an 
abundance of embryonic material A “sport" white form of this ani- 
mal appeared and was widely cultivated in the European laboratories 
These two varieties have been widely u^cd by experimentalists for 
following the fate of embryonic transplants, white grafts on pig" 
mented embryos and vice ver^a 

The number of axolotls which one needs to keep as a colony is be®t 
determined by individual needs In general, one should have two or 
three pairs of adults for every planned spawning Fewer animals 
per successful spawning will be needed as the size of the colony is 
increased because some of the animals, particularly males, may be u®ed 
several times in one season A colony of any size may be obtained 
by securing just one pair of breeding adults and then rai=ing the 
desired number of their offspring, though it may take two years 
for the axolotl to reach sexual maturity The colony is best roam- 
tamed by keeping a few larvae to rai«e to adults each year If ^ 
colony stems from a few original breeders, it is a good procedure 
to exchange with other laboratories such larvae as are to be raised to 
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maturity. In this manner one avoids too close inbreeding, which is a 
dangerous practice. 

The Mexican axolotl will live in practically any type of water- 
holding container, exhibits a wide range of temperature toleration, 
and will even survive long periods of neglect. It will live in a space a 
little larger than itself providing the water does not become fouled, 
though the animals do not grow when kept in cramped quarters. In 
the author’s experience about six adults to an aquarium (3 by 1 by 
1 feet) was a satisfactory arrangement for feeding and for keeping 
the animals in a good state of health. When one finds an animal 
whose limbs or gills have been bitten, it is well to suspect that the 
animals are cither too crowded or are not receiving adequate food. 

Some people like to have their aquaria fixed with a sand-gravel 
bottom, aquatic plants, snails, etc., and this is all right provided one 
has the time to hand-feed the number of animals he wishes to keep. 
However, with a largo number of animals, the time consumed in feed- 
ing them and in cleaning the tanks can be greatly reduced by keeping 
the tank bottoms bare. Axototl are carnivorous and eat bits of raw 
meat, earthworms, etc. Liver seems to be the easiest and best all- 
round food to use in keeping either a colony or a few animals in a 
good state of health. The animals will snap at small pieces of meat 
waved in front of their noses from the end of a pair of forceps, or 
they can be trained to pick up pieces of meat from the bottom of their 
aquaria. The latter method is much quicker than the former and is 
the reason for keeping the bottoms of the aquaria clean. If there is 
sand or gravel in the aquaria, the animals, in their clumsy lunging 
for the meat, often miss and get stones or gravel in their mouths 
instead and then stop feeding. 

Cutting up liver for feeding may be a tedious task. If only a few 
animals are to be fed, one simple method is to hold a piece of meat and 
snip off pieces as needed with a pair of scissors. If there are many 
animals to feed, the easiest procedure is to have as much liver as will 
be needed for feeding, frozen solid in a block ahead of time. The 
meat can then be thinly sliced and quickly cut into pieces of any 
desired size wiiile it remains frozen. The cut-up pieces should be put 
in a bowl, flooded with water, and stirred, and the w’ater then poured 
off. This process should be repeated two or three times or until the 
water becomes only slightly cloudy when the meat is stirred. (This 
rinse water should be saved and used for food for Daphnia cultures.) 
If the meat is not washed before feeding, the water in which the ani- 
mals are kept is likely to become cloudy and then foul and will have 
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to be changed By washing the meat ahead of time, it is possible to 
keep animals m the same water for weeks or months The meat mus 
not be ashed too much, however, for if it is it will not stimu a e 
the animals to feed and they will pay no attention to it 
The frequency of feeding may be regulated by the amount of e p 
a\ ailiable for such procedures and by the temperature At cool tern 
peratures feeding every other day or even less frequently seems o 
work well However, with animals that are still growing or adu s 
kept at room temperatures, daily feedings seem to produce the be® 
results Animals can be maintained with less frequent feedings, bu 
when the interval between feedings is long the animals natural y 
become quite hungry This often results in the larger animals biting 
the limbs or the gills of the smaller ones Another result is that when 
they are fed, certain animals will cat more than they should and a 
short time after feeding will regurgitate all they have taken, fouling 
the water as well as losing their nourishment 
The animals start feeding as soon as the meat has been put in their 
tanks, so it might seem possible to do the necessary daily cleaning 
almost immediately after feeding Howe^e^, it is better to postpone 
this for an hour or so because some food may be regurgitated and 
feeding sometimes stimulates defecation Axolotl feces are pas®ed m 
the form of pellets, and if these can be removed from the aquarium 
before they become broken up by the movement of the animals m 
the tanks, it helps to keep the water clean When animals are kept 
m bowls or small aquaria, a Banta-type pipette wnth a large rubber 
bulb IS one of the best means of removing uneaten food and fecal 
matter Where aquaria or tanks are used, a rubber ho®e, employed 
as a siphon, will prove to be a satisfactory method Since some water 
IS lost every time the tanks are cleaned, it is necessary to add some 
fresh water from time to time Whenever the water of a container 
becomes foul smellmg or cloudy, it should be renewed and the con- 
tainer rin«ed and then refilled with fresh water 
Perhaps a parenthetic note should be inserted here to point out 
that salamanders, like fish, are susceptible to the effects of “condi- 
tioned” and “unconditioned” water in the sense used by Alice and his 
students These effects arc most noticeable with young growing la^^ae 
and should be taken into account by anyone attempting to raise these 
animals From a practical point of view, it may be said that fresh 
tap or spring water (“unconditioned") is slightly toxic, and such water 
which lias stood 24 to 48 hours is less toxic Water m which other 
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animals have lived for a short time (^‘conditioned”) is non-toxic 
(Hutchinson, 1939). 

A further word might be added for those who may be raising these 
animals for the first time. If your laboratory is in a large building 
or if the water supply comes a long distance through pipes, do not 
change the water on any of the animals early in the morning, for water 
which has stood for a long time in pipes is likely to be toxic. Wait 
until late in the day when the pipes have been well flushed out. If 
the tap water appears to be toxic at times anyway, the safest proce- 
dure is to “physiologically test” the water by filling a large container 
with all the water you may need for a day or two. Place a small test 
animal in this water; if it still appears healthy after 24 hours, you 
know that particular water may be safely used and is non-toxm. 
When one attempts to raise a colony by feeding the larvae on DapJmia, 
the toxic effect of fresh “unconditioned” water becomes at once appar- 
ent, for when Daphnia are put in a bowl or aquarium filled with fresh 
water, they promptly die before the animals in the bowl have a chance 
to eat them. It has been discovered empirically that fresh water may 
be conditioned so as to be non-toxic to the Daphyiia by adding a few 
drops of “liver water” to each bowl— “liver water” being the cloudy 
emulsion obtained when a small amount of ground-up liver is stirred 
into some water. 

In maintaining a large colony it is advisable to keep each tank or 
aquarium isolated from every other or to keep groups of tanks con- 
taining similar animals separate from other groups. By doing this, 
if an infection should appear in one aquarium, it would not immedi- 
ately be spread to the rest of the colony and might be checked. To 
maintain isolation, a set of hoses, nets, pipettes, or any other instru- 
ments which are dipped into the aquaria should be kept with each 
aquarium or group of aquaria and used only in that one place. The 
person who feeds the animals must be trained not to dip his hands 
into the water when putting in the cut-up meat. The washed meat 
tends to clump; in order to break this up and still not get one s hands 
into the aquarium water, it is necessary to throw the meat with a swift 
flick into the aquarium, so that when the meat hits the surface of the 
water, the force of the impact breaks the clump into its small com- 
ponent pieces. 

When a death occurs in the colony, the animal should be autopsied 
at once, and, if any internal lesion or pathology is found,^ the other 
animals in the same container should be sacrificed, everything associ- 
ated with the group sterilized or destroyed, and adjoining groups care- 
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fully ^•atchcd Houc\er, if no patbologj is found, the aquanum 
should be cleaned and the remaining members of the group clo«e > 
watched If other deaths follow shortly in the same group, it is be« 
to play safe and sacrifice the remaining animals, e\en if the cau'e 
of death remains obscure 

It IS extremely difficult to maintain isolation betw cen groups whic 
are placed clo'e together Visitors come in and dip their hands in 
different tanks or get the nets mixed up And it is difficult to remem- 
ber to VI ash one’s hands c\ery lime when going from one group o 
another while working with the animals 
In raising one’s owti colony, the danger of too close inbreeding is 
most evident when an infection occurs Related animals seem highly 
susceptible to the same disorders, while a different «tock may remain 
unaffected even though exposed For this reason in a large colony 
it IS well to ha^e animals from ducrsificd origins The best source 
of a healthy stock la probably animals collected from the ^Id J** 
Mexico 

There are numerous descriptions of techniques for inducing spawn- 
ing in the Mexican axolotl Perhaps the best and most recent of thc-e 
IS the paper by Humphrey (194G), which also gives a useful descrip- 
tion of methods for the care of adults and larvae The animals some- 
time spawn spontaneously without any obvious external stimulus, 
or they may respond to any one of several applied stimuli But since 
the usual purpose in maintaining an axolotl colony is to obtain eggs 
whenever they are desired, each person must determine which tech- 
niques mo«t frequently produce the desired results within the hnntn* 
lions of the materials and equipment that are available 

Today one naturally thinks of pituitary stimulation as the ea®ic't 
method of producing spawning but unfortunately this does not pro- 
duce the desired results with axolotls These animals are quite sensi- 
tive to pituitary stimulus and mil discharge their sexual products 
after injection with amounts similar to or le ®3 than tho'e used with 
frogs However, although stimulated males and females are m the 
same tank and discharge their products at the same time or with 
the males preceding the females, the eggs produced are infertile This 
method is useful in cases where artificial m®emmation is desired, for 
the females may be injected, and then, after eggs first appear at the 
cloaca they may be “milked’ (le, squeezed from the female’s abdo 
men) from time to time directly into a sperm suspension, fertilization 
can then take place without the sacrifice of the female But for true 
spawning some other technique must be used. 
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In the various methods proposed to induce spawning, the one com- 
mon feature seems to be change. This may involve just one factor, 
such as temperature, or several, such as temperature, size of container, 
and amount of light. 

When one rushes to get eggs on any particular date, he has to start 
preparations -well in advance. The first step is to segregate by sexes 
the animals to be used, keeping the males together in one tank and 
the females in another. 

The two sexes are easily distinguishable, for the males, besides 
tending to be long and slender, have an elongated swollen lip on either 
side of the cloacal opening. The gravid female has a plumpish ab- 
domen, and there is no swelling about the cloacal vent, which is smooth. 
Sometimes in a female just ready to spawn one can detect a slight 
swelling of the cloacal Ups. In selecting animals to spawn one should 
always select those females which appear to be most gravid. 

About two weeks before spawning is to be attempted, the animals 
are brought into a warm room, if they have been previously kept cool, 
and are fed well daily. They may be kept in rather cramped or 
crowded quarters for the period, and their water should be kept clean 
but not changed. Three days before the eggs are desired the animals 
should be placed together in the largest tank available, and the water 
should be kept cold, if possible 10® C. ± 2 or 3®. It is best to intro- 
duce the animals to the spawning tank in the late afternoon or evening 
and then to keep them as free as possible from disturbing influences 
during their spawning period. Do not feed them. Usually on the 
first morning spermatophores will be seen on the floor of the tank, 
and on the third night the females usually start depositing their eggs. 

The technique just described was found by the author to work well 
at the Morris Biological Farm, In a different laboratory with dif- 
ferent facilities, the technique would have to be modified. If the 
breeding animals are kept at warmer temperatures, spawning may 
occur shortly after the animals are put together. One element of 
change which should always be incorporated is to keep the animals 
in well-conditioncd water before the attempt to induce spawning and 
then to have the spa\^’ning tank filled with fresh unconditioned water. 
This one change by itself will often induce spawning. 

The females will deposit their eggs on any aquatic plants or light 
twigs which may be furnished and thus make the collection of eggs 
much easier than when the eggs arc deposited on the wmlls or floors 
of the tanks. If the eggs arc to be used for experimental procedures, 
it is w’ise to take care in handling them, particularly if they are just 
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beginning to fcgmenl or to ga'^trulnlc The eggs Fccm to he pirticu* 
Inrlj scneiti\c at tlic=c stages of dc>clopmcnt, and rough liandhng 
often results in atjpical de\clopmcnt Ii> rougli handling !“» meant 
"uch procedures ns lifting up a htem to which eggs arc attached m 
order to transfer the eggs from one bon! to another or tr>ing to rcmo^c 
the eggs from their jcllj Sucli procedures as thc«c u«unll> cau«c 
no apparent ill effects to the egg**, but if done at these sensitive stages 
mnj cau«c the subsequent development to l>c shghti} atvpical, or m 
some eases markedl> so 

When one v\i«hes to start on axolotl colonv b> raising his own ani- 
mals, the basic problem is not one of procuring the embrjos, nhich 
is relativclj ca«j, but rather of securing an adequate fowl supply 
with which to raise the larvae The fully developed embrjo will snap 
only at living food, and since his length is onlv 10 to 12 ram , the food 
must be small It is not within the province of tins chapter to go into 
details on the various possible types of food and methods for raising 
them However, a few words may be said about the more common 
techniques 

The food that is selected to be rniscrl will probably’ depend on the 
space and facilities available here thc«c arc ample, Daphma would 
probably bo the food of choice, but where space and equipment arc 
limited, Fnchyiraeus, white annelid worms make an easily rm«cd 
source of food These may be rai«cd in finely pulverised humus or 
dirt and kept in any type of container— cov cred boxes or di*hpans 
which may be stacked in piles to save space work very well ^^hcn 
some worms have been obtained to start a culture, any one of various 
foods may be added to keep it going Cooked oatmeal ecems to be 
as satisfactory and as easy to supply as any Small lumps of the 
food should be introduced m different spots throughout the culture 
and covered with dirt TItc culture should be kept cool, dark, and 
moist (but not wet), and in a few days clumps of worms will be 
found at the points where the food was This la the time to collect 
the worms which are to be fed to the salamanders, ns they may be 
removed in clumps The culture should then be stirred to redistribute 
the worms which arc left, and fre«=h food introduced Several rich 
cultures should be obtained before attempting to rai«e many axolotls 
Axolotl larvae grow rapidly at room temperatures, and as they increase 
m size their food requirements increase greatly Hence a time soon 
comes when the worm cultures will be depleted unless there is a 
suftcient number of cultures available so that they can be used m 
rotation with sufficient time mterval between u<*es to allow the cultures 
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to replenish themselves It is also an ad^ antnge to have many cul- 
tures when the animals first begin to feed, for at tins time it is neces- 
sary to start the axolotls nith only the tiniest of norms, and sometimes 
even these have to be cut into smaller pieces with sci'isors to make 
them small enough for the animals to handle If one has several 
cultures it is usually possible to find one which mil ha\c clumps of 
these tiny norms, and this saves much time nhich will otherwise have 
to be spent hunting through cultures for single small worms 

The literature on raising Daphma is probably more extensive than 
that on raising amphibia, so one can easily find numerous detailed 
descriptions for preparing Daphma cultures In the author’s opinion 
it would be unwise to contemplate raising an axolotl colony, with 
Daphma as the mam ‘source of food, unless one had tank space for the 
Daphma which would be, at least, the equivalent of a small room 
Numerous small cultures of Daphma m tanks or tubs are extremely 
useful, particularly in starting a colony, when the tiny larvae need 
an abundance of small food However, when the larvae begin to 
get large and demand quantities of food daily, small Daphma cul- 
tures soon become depleted and arc unable to replenish themselves 
rapidly enough to keep up with the appetites of the axolotls How- 
ever, large Daphma cultures under optimum conditions can produce 
unbelievable quantities The author has been able to raise more than 
1000 larvae at one time from beginning feeding to sizes of approxi- 
mately 100 mra exclusively on Daphma obtained from two largo tanks 
patterned after those found in some of our state fish hatcheries This, 
however, would be possible only under favorable circumstances, though 
it IS a simple matter to raise 100 to 200 larvae with large Daphma 
cultures to draw on 

A large Daphma culture is a complex microcosm, and the proper 
balance nliich continuously favors production must be maintained, 
otherwise the number of Daphma will start to fall off or some other 
form will become dominant and the culture ruined The author has 
tried and successfully used various of the techniques given in the 
literature sheep manure, lettuce, hay emulsions, etc However, the 
method by which the best results were obtained consists of making an 
emulsion of ground-up liver and then distributing this sparsely through- 
out the culture Only small amounts of hier should be added at any 
one time, and one has to learn by experience just when to add more 
h\er and how much to add Too much liver will foul the water and 
spoil the culture, while too little doc^ not create the proper balance 
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{•woving Daphnm production PIcnt> of sunliglit mnj be ft ncccs‘'ar> 
factor in making tlii‘> h\cr teclmiquc ^\ork. 

In beginning a culture start isith as little water ft« po'-®! c, ic, 

1 inch depth \Mien Daphma nrc well c«tnbh'«lic(l in this 
water once or twice a week until the tank is full It i« 'cr\ < i 
to start a culture in a large bodj of water hen beginning o ain 
a sample, prefcrablj Daphmn viagna, from nnothcr laboratorj or a 
suppl> hou«c Do not u«e material collected from the wild, for some 
contamination, mad\ertentlj introduced, ma% later be cxtremclj < i 
ficult or impossible to cradicnlc (See chapter 14, section on Li'C 
Foods, for other methods ) 

Tubijex, Artcmm eggs which ma> be hatched, and sometimes Dap 
nia or other li\c foods maj be obtainwl commerciallj when relati\e y 
small amounts arc needed or when ample funds arc a\ftilablc 
The standard laboratorj practice of rai‘<ing > oung salamander laiw ac 
mdiMduallj in finger bowls has much to commend it This concen- 
trates the food in the \icimt> of the animal wlicrc he can casil> find 
it and assures each animal of a fair share It furthermore protects 
the slower growing indiaiduals from being bitten b> tho«c winch arc 
larger Thc«c points indicate the di«ad\ antages of trying to rai'C 
large groups of small laiwac m aquaria or large tanks When 
Enchytraeus arc used as food, the worms often clump in balls, making 
it difficult for the animals to feed on them, and e\cn Dapkma tend 
to collect in one comer 

Before deciding to start a colony of axolotls, careful consideration 
should be gi\cn to the ad\antag 08 offered by a similar colonj of the 
African homed toad, Aenop«« laevts This form, like the axolotl, has 
been a laboratory pet of long standing but latcl> it has recen cd atten- 
tion from the clinicians and from the commercial laboratories becau®e 
its extreme scnsiin ity to pituitary hormones makes it a possible preg- 
nancy test animal This u«e was pointed out some y cars ago by Crew 
(1939), but the animals ha\c not been commonly u®cd for this purpose, 
at least in this country Wcisman (1942), among others suggested 
that X laevis offered many advantages over other forms as a preg 
nancy test animal Later the Camerons (1947) showed that the®e 
toads may be quite easily raided in large numbers and that they offer 
some outstanding advantages for tlie biologist as well as for the ch 
nician Tliey find that fertile e^ may be obtained from adult toads 
at any season of the year by injection of a pitmtary-hkc hormone 
The main difficulty in startmg an axolotl colony is in procunng 



REFERENCES 


343 


an adequate supply of live food for tlic growing larvae, but this would 
not obtain with X laevis since it is easy to feed during this period 
of development, growing well on a diet of plankton and ground-up 
liver The animals metamorphose when they are about 12 weeks old 
but remain aquatic throughout their lives They may be fed under- 
water like axolotls, though they feed m a different manner, pushing 
the food into their mouths with their forefeet The adults are air 
breathers and are best kept in aquana with water about 3 inches deep, 
since this enables the animals to rest witli their feet on the bottom 
and their noses above the surface of the water It is possible that 
the male of this form may prove to be the most satisfactory amphib- 
ian for pregnancy tests because its breeding habits seem less rigidly 
seasonal than those of most of our common anura This appears to 
be an important factor m the reliability of this test which is cur- 
rently in vogue 

Unfortunately, the author has had no experience with the young 
stages of this form and so is unable to state whether or not the eggs 
and embryos are well suited for use in cmbryological experiments 
In a brief survey of this sort many things have to be omitted 
Amphibian embryos, larvae, and adults should, in the future, bo used 
in a much wider range of experimental procedures than they are at 
present Further field work may reveal that there are unknown forms 
admirably suited for certain experiments, as was discovered by Twitty 
(1935) Continued study of the large numbers of amphibia available 
IS bound to lead to important findings With the use of new forms 
and with the development of new procedures, old techniques and 
methods will have to be modified and changed, but it is hoped that 
some of the suggestions indicated here may help in this process 

REFERENCES 

Alice "W C 1934 Recent studies in mass physiology ffiol Jiev,\oI 9, pp 1-48 
Cameron T W M, and Mrs Cameron 1047 The de^olopmcntal stages and 
anatomy of Xenopus Jaetns, African homed toad Abst, Anat Ttec, \o} 97 
p 412 

Cameron S B 1947 Successful breeding of Xenopus laevts the South African 
clawed toad frog Amcr Jvur Med Tech, May 
Crew, r A E 1039 Biological pregnancy diagnosis tests a companion of the 
rabbit the mou'se and the clawed toad’ Brxt Med Jout,\o\ 1 p 766 
GalU Mammi C 1918 Pregnancy test with male Batrachia Endocnnology 
\ol 43 p 319 

IIumphiT> R R 1916 Tlie Mexican axolotl as a laboratori animal Tlards 
Eat Set Bull 



m wiPiimiA 

nutcliiiL-oii, C 1939 Somr rx(>cnmcntal conditions tnodif>in(; tho prowth of 
amphibian hr\ no Jour Fxp Zool, \o! 82. pp 357-309 

Rupb R 1931 Induced omhtion nnd artificial fcrtilitation in the frop >'■' 
BuU^ \ol GO pp 22 29 . 

1935 Pituilar> induced iw'xiial n*action<! in the nnuni Hiol Bull y o . 

pp 74-81 

Twitty, \ C 1935 Two new epeeies of Tnfuru* from Cahfomn Coprur JU} 
no 2 

Wci-man A I 11 P Snjder and C W Coatr< 1912 Tlie frop te-t (Vrnopw 
faetn) ns a npid diapnoHie te»t for prepnanej Amcr Jour OOitet 
\ol 43 p 133 

Wihbcrpor PR and D F Miller lOIS The male frop, Jlann ptpien*. as a 
new te«t animal for early prepnanej .Science, \ol 107, p 198 

^^olf 0 M 1929 1 ffecl of dail> tran«plants of nntenor lol>e of pituitary on 
reproduction of frop (Ban/i ptptem bhreber) Proc Soe Exp B\ol Mtd^ 'O 
20 p 692 



14 * FISHES AS LABORATORY 
ANIMALS 


MYRON GORDON 

New York Zoological Society 
New York, Neio York* 


INTRODUCTION 

Zoologists have demonstrated repeatedly that fishes possess behavior 
patterns, physiologies, and diseases, counterparts of ^\hlch are found 
among warm-blooded animalo, including man Several species of 
fishes are now standard laboratory animals in many biological and 
medical research institutions, but until the advent of the tropical fish 
hobby, the goldfish was the only species of which domesticated strains 
were available At present the experimentalist desiring to use fishes 
that will breed regularly m captivity can choose from a number of 
species belonging to six different families, and if he does not require 
self-reproducing strains, many more kinds are at his disposal 
The small fresh-water fishes are well suited to the laboratory They 
require relatncly little space, housing and equipment for thoir mainte- 
nance are not particularly costly Tliose who have mastered the 
technique of aquiculture are convinced that oi ail vertebrate animals 
fishes are the easiest and cheapest to breed and to maintain Com- 
pared nith mammals or birds, they are the cleanest and least odorifer- 
ous of the laboratory animals 

Because these fishes are largely diurnal and non-secretive, their 
behavior can easily be observed in their aquarium microcosm Here 

* From the Genetics Laboratory of the New York Aquarium, at the American 
Museum of Natural History, New York 24 Non York The work of this Jabora- 
lor> 13 supporlctl b> prants from the National Cancer Institute of the National 
Institutes of Health, United States Public Health Semcc, and aided by the 
facilities of the Department of Birds ami of the Animal Behaaior Laboratory 
of the American Mu'jcura of Natural Hi^torj The author is deeply indebted 
to Mr James W Atz Now York Aquanum to Dr Roberts Hugh, Columbia 
Uni\er«it>, to Dr L R Aronson American Museum of Natural History, end to 
Dr Ralph Gordon College of the Citj of New "^ork for their help in the prepara- 
tion of the manuscript 
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then whole hfe cycle from b.rth to death studred su^ct^to 

the experimental conditions the observer wishes 

use of fishes in a variety of experiments in animal behavior has re^ 

vealed the fundamental importance of these aquatic ver 

an aid in interpreting the behavior of other vertebrate animals, inclu 

A^umy of the available aquarium fishes will reveal an abundance 
and vanety of types of experimental material Fertilized CBB 
aquarium species may be obtained for study and 
every month in the year Their developmental rate is rapid, usua y 
a few days The gestation period of the viviparous species is usually 
less than a month, and for some of them data on graded steps in tne 
embryonic development are available . , 

The sensitivity of fishes to chemicals m their environment has le 
to their use as assay animals m both toxicological and endocrine ogi 
work Study of their diseases has proven fruitful, both for success! 
maintenance in captivity and for the light it sheds on compara i 
pathology Tor example, Nigrelli (1938) and Lucke and Schlum erg 
(1942) have called attention to the similarity of the neoplasms oi 
fishes and the higher vertebrates, including man 
Basic stocks of fresh-water aquarium fishes may be procured a 
the neighboring pet shops, the larger fish hatcheries, or well-cstablis e 
biological supply houses and laboratories Our pre«ent-day domes i- 
cated fishes have come to us ongmally from many parts of the tem- 
perate and tropic areas of the world For instance, the danios hai 
from India, the fightmgfisbes from Siam, medakas from Japan, mouth- 
breeders from the Gold Coast of Afnca, guppies from Trinidad an 
northern South America, platyfish and swordtails from Mexico an 
Guatemala, and so on Many of these and other species are of par" 
ticular value in the biology schoolroom for observation and study o 
animal behavior, embryology, and the relationship of organisms to 
their emironmcnt (see Bullmgton, 1947, and Rugh, 1948) 

Inbred lines arc available m some species The platyfish and sword- 
tails are in their thirteenth inbred {brother sister) generation m the 
Genetics Laboratory of the New York Aquarium, and Dr C 
Haskins of the Haskins Laboratory, New York City, has inbred the 
guppy by mass cultures for over twenty generations Genetically uni- 
form stocks of these three species and a number of their geographicalO 
different strains are available Within these stocks there are repre- 
sentatives of many color patterns, some of which are autosomal m 
inheritance whereas others are sex-linked In addition, some cancer- 
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ous strains can be synthesized genetically at any time ■^hile others 
can be continued generation after generation In some of these the 
position on the fish's body where the neoplasm will appear can be 
predicted (see Gordon, 1948a). 

The small aquarium fishes are destined to be as useful to the fish 
cultunst as the laboratory rat and guinea pig ha\e been to the animal 
husbandryman Many of the modern methods used in animal hus- 
bandry have been developed from the discoveries made with the 
smaller laboratory mammal*? The breeding of rats, brother to sister, 
generation after generation, has taught us that loss of vigor does not 
necessarily follow This closest type of inbreeding often intensifies 
desirable qualities and makes it possible to establish those good fea- 
tures in our standardized laboratory animals We have also learned 
from genetic research that virility docs not always result from the 
breeding of individuals belonging to two unrelated stocks Indeed, 
outcrossing is generally practiced for the production of spontaneous 
cancers in fishes 

As yet fish breeders of our federal, state, and pnvate hatcheries and 
fish farms have lagged far behind other animal busbandrymen in 
utilizing the available knowledge of genetics for the improvement of 
their stocks (see Rice, 1942, and United Sfafes Yearbook of Agriculture 
for 1936, 1937) A beginning has been made in the selective breeding 
of trout by Hayford and Embody (1930), Davis (1931), and Lewis 
(1944) This meager list of references practically covers the subject, 
an effort which is far too small compared with the importance and 
the promise of applying genetic technique to fish culture The albino 
brook trout, of all our native cold-water species, is the only fish inbred 
to any degree 

Although no marine fish has ever been regularly bred in captivity, 
a few must be considered standard laboratory animals because of their 
suitability to experimentation and the extensive work done with them 
Most noteworthy is tlic Atlantic killifish, Fundulue Parker (1948), 
for instance, lists several hundred references to this species, concern- 
ing its pigmentation and nerve physiology alone Such species must 
be obtained from the wild, from commercial collectors, or from some 
of the biological stations or supplj houses Their eggs are seasonably 
available, but work on successive generations has not so far been 
practicable 

The differences m the life requirements of various laboratory fishes 
arc far greater than those for the dog and cat or the rat and rabbit 
Compare the goldfish and the platyfish, for example The former 
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arc relatucb large ammaU (3 to 5 rt.mu- 

♦ *. An fn 7 n® T" larcc flouan'i, ftiwl some ninninp ' 

Tt g c m bchauor under l4orator> cond.t.ons .her epa^ng 

™ onal, uhen thej arc adults « large ” ‘'- 3 '" 

be of rogctable ong.n The platjfishes are el, 

require ivarm 70 to £0“F , t!ic> ina> P Tenter 

small aquana of a feu gallons of quiet but 

In addition, platifidics arc MMpan.u«, giting birth ® J 

erco month m the jear, the bulk of their food must be of animal 

Omng to the different requirements of the a annus f 

this chapter Mill be dirldcd into a number of short units In pr ^ 
this malcnal it uas found impractical to nrltc this '’’“P ' 

continuous narratne A uml mil describe the 
characlen'tic of a particular species or group of specie- Th 
edge IS ba-ic to proper management Other units dealing y 
matters as hou-mg nalcr, temperature, nutrition and aquatic plan 
are treated broadl), for the subject matter mil apply m part to o> 
species At the end of each part dc%otcd to the ^cproductl^c bchaMor 
of laboratory -pecic- a «hort introduction uill be gi%cn to the wor 
done nith that species or group of specie- The reference- to ic 
literature cho«en arc b> no means complete, but they nmU Te\ea in 
part the dner-ity of the rc-earches made nitli the u«e of fi«hes n 
this connection the nork of Ko^snig (193Cb) -hould be con«ultc 


HO\>SING 

Aquanum 

The unit container for fi-hes is the aquarium (fig 1) The smaller 
aquana are generally con-lructed of gla-s within a framework o 
metal bands of iron, aluminum, or stainle-a steel Large aquana 
tho-e of fifty or more gallons, require hea\*y frames of angle iron 
The ba-e i« u«ually a slab of smooth, thm slate or plate gla«s Thank- 
to the popular and steadily growing hobby of aquanum fi«h-keepmg, 
there are many excellent aquarium->manufactunng companies in the 
United States !Many of them employ modem mass production 
methods so that aquana e\en m these times of high prices are cheaper 
than they were twenty-five years ago Aquana bought from the 
e-tabhshed manufacturers are generally well made, and their expert- 
ne-s m workman«hip cannot be ea-ilj duplicated by home or pnvate 
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Tia 1 Diagram representing interior view of the Genetics Laboratory of the 
New York Aquarium at the American Museum of Natural Histor> 1 Steam* 
heating coils offset the down draft of cold ajr from skylights Another set of 
steam coils controlled by thermostats is located on floor near windows The 
floor steam coils are not shown here S Skylights are constructed of wired glass 
Immediately beneath the skylights the laboralory has a system of shades known 
ns Ventilighter, for controlling the amount of illumination The Ventilighters 
ai^ not shown in this diagrani 3 The sides of the laboratory are concrete 4 
The stands for the aquaria are constructed from 2 by 4 inch lumber, for detail 
see figure 2 The central racks are placed back to back S Wiadovra for ventila- 
tion are usually opaqued on the mstdc to o'^dudo excess light 6 The racks 
near the walls are placed 4 inches away from the wall to a\oid the colder con- 
crete 7 The aisles between racks arc 36 raehes wide Tlic floor is of concrete 
and has a dram built into it The laboratory has facilities for artificial illiimma- 
lion compressed air and a sink ntth runamghot and cold water S The aquaria 
are arranged in three tiers (Drawn b> Donn Enc Boren ) 
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laboratory methods (see Soorecs of Supply) Therefore th.s chapter 
ulll not contain directions for the making of aquaria ^o^ will there 
be a description of the methods used for their repair, except those ol 
a minor nature, since the time and energy spent in this rather special 
ized job are worth more than the eost of replacement 

All-glass aquaria such as Bsh globes, battery jars large food con- 
tainers holding about a gallon or more of water, may be used ana 
are often quite useful in maintaining m isolation a small, warm-water 
fish for relatively short periods of time Because of the limited volume 
of water they hold, small containers shonld be avoided as permanen 
or long time housing units Larger all-glass aquaria cannot w dhstalid 
rapid changes in external temperatures and are likely to crack Metal 
containers cannot be used because they quickly become poisonous to 


fishes . 

Aquaria arc made Tvatcr-tight by a thm layer of aquanum cement 
betvicen the glass or slate and the frame This bond depends upon 
adhesion to both metal and non metal and upon the relatively pliable 
cement between, the latter allows for differential expansion of metal 
and glass and for changing pressures when water is put into or re- 
moved from the tank As the cement gets older it gradually loses 
this elasticity and becomes less able to withstand movement It will 
aleo dry out if the tank is allowed to stand without water No tank 
should ever be moved without first removing almost all of its water, 
but special care must be taken with old and largo ones Trying to 
move a tank heavy with water often distorts the frame or loo=ens 
the glass or bottom from the cement, causing it to leak at a later time 
A tank should always be grasped by its frame alone, pressure should 
never be applied to its glass sides or its glass or slate bottom 

Slight leaks along the cemented edges may occasionally be sealed 
bj pouring asphaltum varnish along the entire length of the cement 
A crack in the gla«s m a small aquanum of le«s than three gallons 
may be temporanlj fixed by applying a piece of commercial adhesive 
tape across it, but the aquanum must be ab-iolutely dry before fixing 
(see Gordon, 194Gc) 

The aquanum in operation should alwajs be covered by gla'S to 
keep dust and other foreign matcnal out of the tank A comer should 
be cut out of the gla«s cover for convenience m feeding, but the cut 
should be made as small as possible, for aquanum fishes are active 
jumpers Mnnj valuable specimens are lo^t in an uncovered aquarium 
or in one who«e cover has too large an opening 
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Stands for Aquaria 

The stands supporting the aquana must be sturdy The true weight 
of an aquarium complete with water and gras el is seldom appreciated 
by non-aquarists For example, consider an aquarium suitable for 
large goldfish or the large African mouthbreeder Such a tank is 



Pio 2 Diagram of stand for a battery of 15 aquana each of which measures 
16 inches long 9 inches high and 9 inches wide To the right the end view 
aho^^•a the arrangement of the 2 by 4 inch uprights and the ends of the 2 by 4 mch 
planks that setAe as numcis upon which the aquana rest To the left the front 
MOW shows the arrangement of the runners the narrow 2 inch edge is placed 
uppermost (Drawn by Donn Enc Rosen ) 


ibout 3 feet long a foot high and a foot ^idc, and when complete 
with water and gravel it weighs oier 200 pounds One gallon of water 
weighs about pounds, a cubic foot of water contains about 
gallons and weighs 62 y, pounds 

If properly constructed, wooden stands made of "two by fours” arc 
sufficiently strong to carr> the heaviest aquanum or senes of aquana 
One of the important points which needs emphasis is arrangement 
of the boards The narrower surface® of a pair of "two bj fours” 
should be uppermost to sciwc as wooden rails The aquarium placed 
upon the 2-inch rails will then straddle an open area, and this is 
desirable Placing an aquarium on a flat wood surface sliould be 
a\oidc(l, for incMtnblj water will be ®pillcd upon it This, in turn, 
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will warp the surface and create an uneven ba=e A plan for a properlv 
constructed aquarium stand is shown in figure 2 This tj*pe of 'tan 
IS designed for small aquana (16 inches long) arranged in three 
Stands can readilj be modified to hold larger tanks in any desire 
arrangement An\ dcMation from the model shown in the figure 
should be made with consideration of the de-irability of pro\ndiDg 
constant \ isibilitj and easj means of «er\ icing 

Shape and Size of the Laboratorj Aquanum 

Shallow aquana are preferable «ince the> provide the greatest sur- 
face area for a gl^ en olume of water Commercial aquana are not 
likelj to be the most efGeient for laboratory purposes because usually 
they are higher than wide The \utallj necessary exchanges of ga'es 
which are dis«ol\ed within the water and those which are m the air 
take place at the cnticallj important surface film An appreciation 
of this fact should be one of the guiding principles in aquanum man- 
agement (see also Aquatic Plants and Their Uses) 

Mechanical water aerators are helpful in the maintenance of many 
species of fi«hes, but the\ do not aerate water directly Little or 
none of the constant stream of air bubbles produced bj mechanical 
aerators is soluble m water, and onlj soluble ox^gen is of use to moH 
fishe- The constant flow of air bubble* circulates the mass of aquar- 
ium water from the lowermost levels so that more of it reaches the 
surface film, where the exchange of ga«c^ takes place In a way, these 
aerators sub titute for wind and wa^e action which aid in adjusting 
the ox>gen and carbon dioxide balances m natural ponds and lake- 
(for a 6ur\ej of the conditions of existence of aquatic animals, “ce 
Shclford (1918)1 

In order to attain the greatest and most u®eful ratio of surface film 
to A olume of water, the aquanum (regardless of its length) should 
rarelj be higher than a foot unless some unusual species must be 
accommodated. For reanng platjfishe*, guppies, and many of the 
Ine-beanng specie*, an aquanum 16 inches long, 9 inches bi^, 

9 inches wide is suitable For swordtails and mollies aquana some- 
what larger arc desirable 24 inches long, 9 inche- high, 12 inches wide 
Goldfish and large mouthbreeders require aquana that are about 
36 inches long 12 to 24 inches wide, and 12 inches high Competent 
manufacturers tna% be trusted to choose the proper kind of glass, the 
suitable gauge of the metal for the frame, and the appropnate thick- 
ness of the slate for the various aquana If orders are placed for 
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a dozen or more aquaria of a given size, it is likely that they will 
cost no more than commercial ready-to-usc aquaria of an equivalent 


The number of fishes that may be reared or maintained in an aquar- 
ium varies with the size and habits of the animals and the tempera- 
ture of the water The general rule for maintaining fish has been 
that an inch of fish requires 1 gallon of water For example, four 
to five adult platyfish each about 1 to UA inches long are usually well 
managed m a 5-gallon tank at 75“ F An equal number of guppies 
can get along in a somenhat smaller proportion of water But sword- 
tails and particularly mollies require wider ratios Swordtails are a 
more active fish, and the mollies need greater browsing areas The 
ratio of an inch of fish to a gallon of water is especially important 
during the summer months in handling many goldfish, which must be 
regarded ns cold-water species The reason tor this is that, should the 
temperature rise unexpectedly, the available amount of dissolved oxy- 
gen in the warmer water is lowered, and at the same time, if the 
fishes are crowded, the carbon dioxide concentration will increase 
Some aquarists have abandoned tbe rule of tlie ratio of the volume 
of aquarium water to the number and size of fish in favor of the ratio 
of square inch surface area to the number and size of fish In princi- 
ple the use of the surface area is better, for it emphasizes the impor- 
tance and advantages of shallow aquaria over deep ones In the 
5-gallon aquarium recommended here of 16 by 9 by 9 inches, the sur- 
face area is 144 square inches Allowing about 24 square inches of 
surface for each inch-long fish, one obtains the value of 6 

The surface-breathing fishes like the fightmgfishes (Betta) or para- 
dise fishes {.Macropodus) individually can be kept in extremely small 
containers Owing to their pugnacity, large aquaria arc required 
■when several are maintained together And m breeding these and 
other egg-laying species, large volumes of water are needed to provide 
in abundance the microscopic organisms which the largo numbers of 
tiny fry require Cannibalism may be avoided among these species 
Ly providing plenty of room and the shelter of aquatic plants 
But over and above these forces which detcimme the size of the 
population in an aquarium, there arc other factors which are not at 
all clcarlj understood It has been observed that only a definite 
number of fishes are able to live m tanks of a given size regardless 
of how well aerated the water is or how much water flows through 
the tank [see Brcdcr (1935)] Extended experiments with the guppy 
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bj Breder and Coates (1932) and Shoemabcr (1914) 
a standing aquarmm of a gi\cn ‘^kc is capable of Euppor g 
certain ma^s of fishes 


Light for Aquana 

The beneficial etlects of liglit of ttic proper kind and m 
amount are v,q\\ knou-n to the professional fish fancier The tree 
of illumination «ecms to be almo t as important as its source, in cnsi , 
and duration The largest and most succe^ful tropical and go dli«n 
hatchencs in the United States, including some of the sunshine states, 
such as Florida are in\ariabl> constructed in such a na> that mo® , 
if not all, of the illumination i« admitted bj a s\stem of sk>lights 
(fig 1) Top lighting IS, b3 practical te«ts, the mo«t desirable Dis- 
tinction must be made between an aquanum equipped wutb skj ig 
and a greenhou'e The differences between the two need considcra ion 
becau'C, for keeping fi«hes at an> rate, the greenhou«e admits too 
much light Furthermore, the problem of adequate heating and t e 
maintenance of an c\en temperature is far greater m a greenhouse 
than in a building that has a limited gla«s exterior 

Artificial methods of illumination ma> be substituted for inadequate 
sources of natural light The amount required is gcnerallj greater 
than suspected Working at the Isational Cancer Institute, Bcthc«da 
Maryland Dr Clifford Grob«tcin mamtams and rears swordtails and 
platyfioh entirely under artificial lighting In a wundowles, 
insulated and air conditioned room, temperature controlled at 78“ F » 
he installed a strong battery of fluorescent lamps which are turned on 
about 8 30 Ail and turned off about 5 30 P M , giving the fi'hes an 
eqm\alent of eight hours of da> light and sixteen hours of darkne" 
Under the full intensity of light AnacAam grows Mgorou«l>, and m 
water where the«e plants grow Iuxunantl> fi=hes can u'uallj be reared 
and bred without trouble With proper general aquanum manage 
raent, Grobstem obtains maximum grow th and matunty in his expen 
mental fishes 

In complete contrast to the use of artificial illumination of great 
intensitj , Air Fred Flathman, an amateur tropical fish fancier, keep® 
his fi«hes m semi darkness in the basement of his home The onlv 
light his aquana receive comes from three small and narrow tran'om 
windows, yet, despite this apparent light deficiency, this aquan*t is 
8ucce««ful because he u^es very large shallow aquana (36 to 48 inches 
long) Flathman’s method requires considerably more room than 
most laboratory workers have available to them It is not xecom 
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mended but is mentioned in case basement laboratories have to be 
used temporarily It must be emphasized that one is not justified in 
deviating from conventional methods until one has mastered the 
techniques of tropical fish management 
With few exceptions, such as the blind cave charaems or the cat- 
fishes, aquarium fishes arc diurnal Ordinarily 12 daylight hours are 
desirable for them In northern latitudes for se\eral months during 
the summer there are about 15 or 16 hours of light This does no 
appreciable harm except perhaps that of causing an undesirable growth 
of algae m the aquarium water In winter in northern latitudes, 
natural lighting should be supplemented by artificial sources, so that 
the animals get about 12 hours of light 
The intensity, duration, and quality of the light have a powerful 
physiological effect upon the reproduction of some species of fishes 
Hoo\er (1937) and Hoover and Hubbard (1937) have demonstrated 
experimentally that controlling the light periodicity sequences radi- 
cally modified the sexual cycle in the brook trout {Salveliniis jon- 
tinalis) In some species such as the mednka, Robinson and Rugh 
have shoati tiiat light periodicity 1ms a specific effect on ovciln 
tion Scrimshaw (1944b) found that continuous illumination of gup- 
pies reduced the interval between broods from about thirty to twenty- 
one days Burger (1939), Iiowc\cr, found that changes in the light 
periodicity had no specific effect on rwiduUts For the physiological 
effects of light on pigmentation of fishes "ce the many references on 
this subject by Parker (1948) 

Temperature 

In the Genetics T aboratory of the New York Aquanum, which 
contains o\cr GOO aquaria, the thennostnt is ■set for an air temperature 
of 75® F In the summer lime tlic temperature occasionally n«cs to 
90® r , and while this is undc'irablc it cannot be helped For short 
periods it docs no hann During the heat of the day the «ky light 
roof It fcpnnklcd with water and this helps in keeping the temperature 
down The water temperature lags considerably behind the air tem- 
l>eraturt During the early «pring, late fall, and winter tlic tempera- 
ture rarcli /nll« below 70® F The de«jrcd range would be between 
78® during the day and 72® during the night 

Man\ nquari‘!ts would not igrce that the 72 to 78® F range is the 
most dc'«irable one and would in«jst upon a higher average temperature 
Zoologists u^-mg Tihipm llie inoulhbrecilcr, or tnollKs in^i^it tlmt an 
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a\eragc temperature of 80" is prcfernble and for thc=c species I 
belie\ e tl e> arc right But for platj fi«hcs and sw ordtnils the 7 o 
78" F range is better and there is gome cMdcncc from field vor 
that the lov.er range is preferable 

Gordon (1948b) found a pool in Oaxaca Mexico from i\hich tMU 

sands of platyfich swordtails and Uicir associates were collected Tie 
pool was about 150 feet m its longest part and for the most part was 
exposed to strong subtropic sun The water was kept from evapora 
mg during the drj sea'on m Fcbiuar> and March b> a tiny spring 
run at one end In that part of the pond which was farthest away 
from tie spring the temperature of the water registered 98° F am 
here we caught only a few fishes In the central portion of the pon 
where the temperature was 84° F wc «eined manv more fishes mo«t > 
mollies and charaems but wc got relati\cl> few platjfish But within 
the immediate \icinity of the springs origin m an area only 4 feet 
wade and 10 feet long in a tangle of aquatic aegetntion and where 
the water temperature was only 78° F we made our best collection 
of over 500 platj fishes and swordtails There too we found gambu®ias 
and mollies There was no question m our minds that the platj fi*b 
and the swordtails in this and other areas were attracted to the coolest 
water a%ailablc to them 

In another nearby collecting station we caught platyfish and sword 
tails by the thousands in tic early morning liours when the water 
temperature was 74° F In the «ame pool on second trj late that 
afternoon when the water temperature had risen to o\er 80° F 
caught only a few Reluming to the same area tl e following morning 
when the water was relatively cool we again collected platjfish and 
their associated species m large numbers Apparently the fi«hes are 
active m the morning during tl e coolest period of the day and then 
they dig down into the bottom mud during the heat of the day 
Recently information was obtained which indicated that perhaps 
e%en the temperatures maintained at tl o Aquarium s Genetics Labora 
tory are a bit too high Wild Rio damapa fishes ha\e an a%erage 
dor«al fin ray count of 9 5 according to Gordon (1947) Yet their 
aquanum reared descendants inbred for se%en generations had only 
^ Assuming their genetic constitution had not changed 

the lower fin ray count can be explained by the fi'^hes being reared 
m the laboratory m water at a higher temperature than is found m 
This would be in accordance with the general principle that 
other conditions being equal the lower the temperature during early 
e\ e opnient tl e larger the number of meristic characters such as the 
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number of vertebrae, or fin rays For further discussion of this point 
see Gabriel (1944) 

Great fluctuations in water temperatures should be avoided in the 
aquarium laboratory Chillings often result in lowering the fishes’ 
resistance to bacterial and protozoan paiasites Sudden rises m tem- 
perature arc perhaps just as undesirable According to Sumner and 
Wells (1935), fishes require time to become acclimatized to the tem- 
perature levels imposed upon them, and subsequent adjustments to 
wide temperature changes tax them greatly 
Ovving to the sensitivity of poikilothermal organisms like fishes to 
various temperature levels, fishes may be utilized in experiments de- 
signed to evaluate the specific effects of temperatures on their physi- 
ology and longevity For instance, platyfish mav be maintained at 
20° C , 25° C , and 30° C , with some assurance that they will sur\ ive 
at each of these temperatures 

Maintaining an even temperature in experimental aquaria is dif- 
ficult unless a cold room is available Suitable aquanum heaters and 
thermostats are available (see Sources of Supply), but the worker 
must be on his guard to get thermostats which are designed so that 
they may be regulated for the lower tempeiatures Cheap, poorly 
made thermostats arc dangerous Many valuable specimens have been 
lost in an overheated aquanum For most species a water temperature 
of 105° F or over is lethal if maintained for a number of hours As 
the temperature increases the water’s ability to dissolve oxygen is 
lessened and a point may be reached where the fishes may die of suffo- 
cation (sec Aquatic Plants and Their Uses) 

Tfic femperature requirements of fishes depend upon the species, 
and some of the details concerning this matter arc treated under the 
V arious laboratory fishes described Where large numbers of aquaria 
arc housed, all of which requite much the same temperature range, 
it IS far better to regulate the heat of the entire aquanum room rather 
than attempt to heat each aquanum «cpatatelj b> an individual 
heating unit The units arc rclativclj evpcnsive, require hcav'v elec- 
trical current output, and arc subject to failure when u=ed constantlj 
over a long period of time 


Use of Siphon 

The siphon the nquanst’s handiest tool, for it combines the utilit} 
of the broom, «hovcl, vacuum cleaner, and pipe line An aquanum 
complete with water, should never be moved witliout first siphoning 
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off mo«t of its water Flocculent bottom material, dead snails, or 
plant parts, droppings of aquatic organisms, ma> be convenient j 
removed by the siphon without undue disturbance to the aquarium 
A useful siphon consists of a piece of rubber or suitable plastic 
tubing iVz or % inch diameter) of convenient length— about 3 to 4 
feet To siphon water from an aquarium to another container, t o 
container or pail should be placed about 6 or more inches below t e 
level of the bottom of the aquarium Place one end of the tube in 
the aquarium considerably below the water surface and hold it firm j 
m this position w ith one hand (Some aquansts like to place the tube 
in the water in such a way that the bend in the tube lies at one of 
the front corners of the aquarium This enables them to hold the 
tube with their fingers at a fixed point of the tank ) The opposite 
end of the tube, held considerably below the water level, is then 
taken into the mouth and the air is sucked out of it vigorously so 
that the water will travel up the tube and get over the bend The 
trick which should be mastered is to learn just when to quit sucking 
If it 13 done too vigorously or too long one will get a mouthful of 
aquarium water as the siphon suddenly goes into operation Perhaps 
practicing with tap water may help Or another method to start a 
siphon may be used The entire tube may be filled with tap water, 
no part of the siphon being permitted to contain a pocket of air 
Then, keeping both ends of the water-filled tube tightly closed, insert 
one end in the aquarium water and the other in the pail below If no 
water has been allowed to c«cope from the tube, the siphon will start 
working immediately upon -opening both ends of the tube 
A glass tube, about a foot long, inserted at one end of the siphon 
has some advantages for spot cleaning of an aquarium The rigid 
glass tube enables the operator to direct the sucking point to the area 
where the sediment has accumulated The diameter of the open end 
of the g1a«s tube should be slightly narrower than that of the mam 
section This will prevent in «ome measure the entrance of large, 
solid particles such as snail shells or big pieces of gravel Tbe®e 
objects often arc trapped within the tube and clog the siphon Should 
a snail be trapped m the rubber tube it may be crushed, simpb place 
the lube on the floor and step on it 


Sand for the Aquanum 

Aquanum sand should be rather coarse, each grain about ^/zi 
M« inch, commercial grade number 2, white to gray in color, and 
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made from quartz or gramte-like minerals Most aquarium supply 
houses have the right kind (see Sources of Supply) Newly purchased 
sand should always be thoroughly washed and rinsed until the water 
runs off clear even when the sand is vigorously stirred Avoid the 
use of broken or whole sea shells or calcareous stones Under ordi- 
nary circumstances use no earth, humus, or any other kind of soil 
beneath the sand covering Soil is unnecessary for aquarium plants, 
sufficient plant food is supplied by the organic fertilizer which con- 
stantly accumulates in the aquarium from surplus food and from the 
fish and the snail wastes Many aquansts suggest the sand be ar- 
ranged so that its surface is sloped toward the front, the sand at the 
back being about ly^ inches thick and at the front about Vs inch 
This will enable sediments and detritus of all kinds to work down 
so that they may be siphoned out without disturbing the aquarium 
At a place where dried fislifood is dropped and uneaten, the sand 
is likely to turn black in color owing to the metabolic activity of the 
aquatic bacteria, some of which are anaerobic This discoloration 
may extend throughout the bottom sand covering if overfeeding has 
been practiced over a period of lime Putrefaction at the bottom cov- 
ering may be stopped by reducing the amount of food The vigor- 
ous growing plants like Valbsnana, Sagittana, Cryptochoryne aid in 
keeping the sand clean and sweet, but the plants, too, will succumb 
when conditions become intolerably bad (see Aquatic Plants and Their 
Uses) 

The blackened sand should be siphoned out by forcing the end of 
the siphon, preferably one having a length of glass tubing at the prob- 
ing end, into the badly affected areas (see Use of Siphon) The black 
sand should be rcrao'ved entirely right down to tlie bottom slate It 
may be necessary to lift the glass tube free of the sand and into clear 
water once in a while to allow the water flow to regain its momentum 
through the siphon (The distinctive odor of di®!Colored sand and 
bottom ooze is characteristic of tidal fiats, and for the same reason — 
bacterial decomposition of organic matter ) When the foul sand has 
been siphoned off into a pail, allow the sediment to settle and then 
inspect the water carefully for fi«h which ma\ haae been mad\ertent]y 
sucked up in the process Wash the sand in hot water, the hotter the 
belter, "tirring the ma‘5s constantlj to loo'sen all the accumulated dirt 
It i« a good pohc> not to place the reconditioned sand back m the 
aquarium immediatelj A twenty-four hour period of drying on paper 
towelling or on gla'ss or enamel tra^s in the mn, if possible, will bleach 
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and further punf> the sand Sand to be poured back into the aquanum 
be more manageable if it is first wetted 

AQUARIUM WATER 

Water, as everybody knows, is composed of by drogen and oxj gen 
Its molecules contain two atoms of hydrogen and one of 
this IS represented by the familiar formula HoO But as Timm (1 
clearly «tates, let no one make the mistake of thinking that the 
bined oxygen m the water molecules is available to the fishes w ic 
swim in it 

Fish do not breathe the oxygen of the water, they breathe e 
dissolued oxygen in the water Fishes can be drowned m pure water 
as readily as mammals Aquatic life is made possible becau'e water 
can and does di^soh e or absorb free oxy gen from atmosphere Water 
IS a solvent, and it is the dissolved oxygen in it which fishes and other 
giUed animals require Gills arc the device which enables them to 
utilize the available oxygen (and eliminate carbon dioxide) The®e 
red-fnnged, highly va'culanzed organs are located behind the mouth 
cavity above the opening of the gullet The gill arches, a senes of nb 
like bones, support the gills, each of which is composed of many 
delicate filaments The fish, m breathing, takes water into its mouth 
and forces it past the barely perceptible spaces between the giU fil®" 
ments The water then pas«es through the gill ®lits and is ejected 
m an opening ju«t back of the opercular bones As the water pas es 
over the giU filaments its di«oUed oxygen is absorbed through thin 
giU membranes and pa^'cs into their blood capillaries At the same 
time the blood corpuscles within the venules relea'^e their burden of 
carbon dioxide The blood of a fi«h and its functions are lucidly 
explained by Chapman (1948) 

Conditioned or “Old ’ Water 

Fiehcs require specially conditioned water, that is, water at least 
a proportional part of which has prevuou“ly supported living fi'hes 
Obviously, in preparing an aquanum for laboratory fi«hcs, if one 
starts from scratch, obtaining the proper kind of water is quite a 
problem However, raw tap water may be conditioned for fi«hes by 
allow mg it to stand expo«ed m shallow , non metallic containers Con 
ditioning may be speeded by bubbling compressed air through it or 
by introducing aquatic plants Water that wnll support a vigorous 
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growth of alga, Nitella, may be regarded as safe and suitable for most 
of the tropical aquarium fishes When sprays of Nitella are placed 
in raw water they are likely to die, but the second planting may 
succeed If Nitella is not available for water conditioning, other 
types of plants may be u^^ed (see Aquatic Plants and Their Uses) 

To some degree, fishes create their own protective substances by 
their excretions If plants are not available for water conditioning, 
crowd the fishes into a minimum amount of water in a shallow con- 
tainer for a day or so, but do not feed them much Then, water 
which has previously been allowed to stand for several days in suit- 
able containers may be added gradually to build up the supply of 
conditioned water 

The advantages of “old” or conditioned water for the aquarium, 
according to Breder (1931), are partly associated with its larger 
buffer \alue, but buffering by salts is not the entire cause of the value 
of “old” water He indicated that an active bacteriophage exists both 
in conditioned aquarium water and m the intestinal contents of the 
smallmouth black bass {Mxcropterus dolomieu) The consequences 
of a deficiency m this bacteriophage may be demonstrated by placing 
fishes in an aquarium containing freshly drawn and detoxified tap 
water The bacterial count will climb rapidly above that of the tap 
water The peak of bacterial activity will usually appear m the 
first week and will fall rapidly to a point of stability When many 
fish are placed m new water and o\crfed, the water will be m a con- 
stant state of cloudiness owing to bacterial activity Cutting down 
on the food or eliminating it for a week and adding a quart of “old” 
water from a well-established aquanura will probably speed the clari- 
fication process 

If for any reason it becomes necessary to empty a healthy aquarium, 
the water should be saved and used again It is advisable to siphon 
the water into well-washed enamel-ware pails Avoid galvanized 
iron, copper, brass or Monel metal ulcnnls, but if only these are 
available, pamt their msidcs with asphaltura varnish Save the 
aquarium water for refilling the tank m its new location, but do not 
allow the water to stand in untreated metal pails longer than half an 
hour 


Chlorine in Water 

No laboratory worker would dream of keeping stocks of his ex- 
perimental mammals m rooms containing chlorine or otlier noxious 
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ga'es, jct c«cntjall> the Fame intolenililc condition® nrc created 

uhen fishc® arc confined in tcatcr fre<lih drawn from the tap 

The chlorinated water problem m aquarium management wa« 
clarified by Faber (1933) AUlioiigli the amount of chlorine ii«=cd ba 
public watcr-punfiration plant*' \anc‘< with the Eca“on, the u«ual do'C® 
range from 0 2 to 08 part of the preen gas per million gallons of 
water This i® ecpinalcnt to to 0^4 pounds of chlorine to eaci 
million gallons of water Fa on m lhe<e amall do«cs the ga® maj be 
quite harmful and according to Co\entr>, Shclford and Miller (1935), 
rc'idual chlorine or chloramine a® low ns 005 of a part per million is 
toxic to «omc delicate specie® 

Natural waters contain aniying amounts of li\ing and dead organic 
matter When chlorine come® in contact with thc«e substance® much 
of its potcnci IS lost In order to be sure that there is siifTicicnt chlo- 
rine at all times to kill harmful organism® licalth ofTicers in«i®t that 
water supplied to the public contain an cxce's of 0 1 part per million 
It IS this excess re«cr\c chlorine gas which causes ha%oc to fi«hes in the 
aquarium W ater purification plants maintain a particular!) high 
excc«8 of chlorine during the hottest summer months when pollution 
of potential dnnking water is at its peak Thc> keep it high during 
the months of extreme cold for then chlonnc docs not di««ohc rcadil) 
in the water, and again during the spring thaws for then the water is 
turbid and contains a high count of soil bactena 
The aquan«t using lap water has scacral method® for making it fit 
for scnsitiae fi'hcs Suggestions ha\c been made that tap water he 
allowed to stand exposed to the air until the chlorine has pa®®ed 
off Some aquari®ts draw water from the hot-water tap and let it cool 
before using Bubbling air through the stored water or adding aquatic 
plants to the water to hasten the detoxification process have nl®o been 
suggested A chemical method utilizes sodium thio®uIphntc and ferrous 
iron salts (sulphate or ferrous ammonium sulphate) Chlonnc will 
combine with the®e substances and thus can be eliminated, but there 
IS a catch to this method Unle®s correct amounts of the reagents 
are u®cd the new chemical compounds may be ju«t as harmful, or 
more so, than the objectionable chlonnc W'hen sodium thiosulphate 
IS u®ed if the w ater js «hghtly acid sulphur dioxide may be liberated 
to form lethal doses of sulplmnc acid A third method for eliminating 
chlonne from tap w ater is tecoramended bj Faber, w ho suggests that 
a ew ounces of activ ated carbon be stirred into a container of fre bl> 
rawn water He indicated that one half pound of powdered activ ated 
carbon will dechlonnate 250 gallons of water containing 0 15 part per 
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million of residual gas, provided that the water is allowed sufficient 
time (about 2 hours) for complete contact with the carbon. Before 
being used the treated water must be filtered to remove the carbon 
particles. 

To determine whether water contains chlorine, Faber says to add one 
cubic centimeter (1 cc.) of a standard solution of ortliotolidine to ten 
cubic centimeters (10 cc.) of water to be tested. If the water appears 
yellow there is at least 0.02 part of chlorine per million in the water; 
the yellower the water becomes the more chlorine it contains. 

The paper by Coventry, Shelford, and Miller should be consulted 
if difficulties resulting from chlorine are not to be conveniently reme- 
died by the suggestions given here. Charts to show exactly the amount 
present and informative pamphlets on the subject are available (see 
Sources of Supply). 

During the winter montlis tap water is likely to have a temporary 
excess of dissolved air because cold water can hold more oxygen in 
solution than warm water. This is easily demonstrated by permitting 
cold water to stand in a glass container for about ten minutes at room 
temperature. Tiny bubbles of air will form and cling to the side of 
the container. A fish from a warm aquarium placed in oversaturated 
water will attract bubbles of air to its sides, fins, and gills. Under 
this treatment, if prolonged, some fishes are susceptible to the gas- 
bubble disease, a gas embolism. This is an additional reason for the 
recommendation that tap water should be allowed to stand until all 
excess gases, oxygen as well as chlorine, are eliminated. 

The toxic effects of nascent oxygen on fishes were described by 
Hubbs (1930). Notes on the exposure of several species of pond 
fishes to sudden changes in pH were prepared by Wiebe (1931), and 
the effects of water softeners were studied by Miller (1944) . Stand- 
ard methods for the examination of water and sewage were published 
by the American Public Health Association (1939) . 

An important review on the determination of water quality wdth 
an extensive bibliography was prepared by Ellis, Westfall, and Ellis 
(1948). 

Metals and Water 

No metal should come in contact with aquarium water, for any 
water in which fishes have lived for some time becomes corrosive to a 
great variety of metals. Atz (1947b) indicated that no metal or 
metal alloy ever tested by the New York Aquarium has proved capable 
of resisting the corrosive action of aquarium water. The action may 
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not be extcnsuc, but it i*! (iuflIicKnt to poison fiplie« nnd in\crtcbratc« 
It takes amazioRlj little di«sohcd metal to injure or kill aquatic 
organisms For instance concentrations of copper and sihcr of but a 
few parts per hundred million arc quickl> fatal to fi«hc«, and much 
lesser ones can kill if allowed to act o\er a pcrio<I of time 

Metal poisoning of aquarium water !na> inad\crtcntl> be cau«cd 
by the introduction of a gadget of one kind or another ^ceton (1931) 
reported that an aquarist had con‘‘tructcd a breeding trap which he 
made of perforated steel plate and had cadmium plait'd M hen it wa® 
returned to him from the plating works he fir«t washed it thorouphl) 
with hot, Eoapj water, flii«hcd it scacrnl times, and finnll% gaac it a 
spray of boiling water Wlun a number of graMd live-bcanng 
were placed m the trap in an aquanum thcN died within a few da>8 
The trouble was traced to a rc«idual film of cadmium salt® ii'cd in the 


plating process Jsickcl tubing used in certain t>pcs of aerating s}®* 
terns will be attacked bj organic acids o^cr a period of time, and form 
nickel salts, and thc«e, too, arc dclctcnou® 

Marsh (1908) showed that siUcr nitrate is cxtrcmelj toxic, report- 
ing that 1 part in 22,500000 parts of water for 48 hours is fatal to 
Chinook salmon fingcrlings Concentrations of this salt as low as 1 
part m 300000 000 parts of water killed stickclbacks quicklj The 
deadly effects of copper were indicated b> Marsh’s experiments, he 
mported that 20 square inches of metallic copper Ijing m 6 quarts of 
Potomac Ruer water killed 8 out of 10 salmon fry within 24 hours, 
square incites killed 4 out of 6 free swimming salmon fry within 2 
days and 18 hours, and all of them within 3 days and 2 hours Lead 
sa are fatal to many freshwater fiahes m concentrations of 0 3 
part per million according to Carpenter (1927) Mercury , chromium, 
and 21 DC are al«o ery toxic 

Not only metals can poison fishes, howe\er, and the introduction of 
any thing not chemically inert into n 6sh tank is to be a\ oided Re®in 
ous wood- soluble rocks, certain plaHicB, and most builders’ cements 
are some of the substances that can kill fiahes No paint save a high 
graae of black asphaltum vamiah should be used Questionable ma- 
^ ° ^ made “safe” by completely co\enng them with 

motnh ™rt, tarnish It should al-o be re- 

mher^ that insect spraje, including DDT, arc reij toxic to fi"hcs 

cared hv experiments with fishes nas pre 

nollirtmn ” e v ’ ''bile he emphaaizes toxic substances from 
lith fhp of value to workers dealing 

CO a es as test animals for \anous chemical substances, 



AQUATIC PLANTS AND THEIR USES 365 

s A..„ ..d ii.» (.») dd 

the effects of traces of tin on the rate of gron-th of the goldhsh 

AQUATIC PLANTS AND THEIR USES 
“Balance” 

Aquansts for over a hundred years have related the carbon dioxide- 
utihzing activities of plants and their oxygen-releasing propert es un- 
der strLg light, to the utilization of oxygen and the elimination of 
carbon dfoxide by animals, and have 

aneed” the animals in their life requirements A'^eording to Atz 
(1949) the so-called “balanced aquarium” is a myth He refers to the 
work of Breder (1931), who pointed out that the production of O 2 
by the photosynthesis of plants under the influence of light in open 
aquaria contributes little, if any, to the O 2 consumed by the 
in It Oxvsen that is produced or used up in the water returns to a 
condition of equilibrium with extreme rapidity Apparently, carbon 
dioxide lags considerably behind oxygen in its properties of invading 
and evading water It can accumulate jn the water 
Since there can be no accumulation of dissolved 0~ in water for any 
appreciable length of time, and since the resp.rato^ activities of fishes 
continue as usual at night and on dark days, it follows, stated Breder, 
that the animal’s chief source of O 2 is that which constantly invades 
water through the surface film from the atmosphere Contrary to the 
opinion of many aquarists, water may become danprous to fish living 
m It not because its dissolved oxygen is depleted but because its car- 
bon dioxide concentration is high Carbon dioxip, at certam con- 
centrations, can actually prevent the utilization of the availple dis- 
solved oxygen present in water The probable explanation of this, as 
Atz (1949) pointed out, is that carbon dioxide at relatively low con- 
centrations increases the efficiency of the fish’s blood to deliver oxygen 
to the tissues, but at the same time decreases the bloods ability to 
take on oxygen at the fish’s gills (the Bohr effect) 

The value of plants in reducing the CO. content of the aquarium 
water during their pliotosjnthctic processes is beyond question In 
fact, carbon dioxide is one of the limiting factors of growth in plants 
under the usual aquarium conditions [sec Arbcr (1920)] On the 
other hand, plants can and do actuallj increase the concentration of 
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CO 2 in the water during dark dajs and at night, since plants, quite 
like animal® utilize O 2 and eliminate CO 2 in their respiratory process 
Under unusual ueather conditions aquarium water ma> develop an 
undesirable concentration of carbon dioxide An aquarium overstocked 
with o\erfed fishes and snails may ha\c a good deal of undeconipo'ed 
organic matter in its bottom muck At the same time this aquarium 


may be hea\ily planted with \anous aquatics The color of the water 
may be deep green because of a strong suspension of unicellular algae 
(see Green Water) Now when this overstocked, green aquarium 
receives adequate light and the temperature of the water is moderate 
(70 to 80'* F ), things may keep going m an apparently good condi 
tion for some time But if the temperature should suddenly nse to 
90° F , or over, and the intensit> of the light should be radicall) 
diminished owing to dark, stormj dajs in the summer, followed bj 
hot nights, the concentration of carbon dioxide in the aquarium 
water will gradually increase, and it may reach the critical stage not 
only for the fishes but for the plants as well Actually, then, the 
deciding factor in the maintenance of fi«hes and other aquatic organ 
isms having somewhat similar requirements, depends upon the quantity 
of carbon dioxide in the water Therefore, in doubtful water, it is 
ar more important to determine the concentration of carbon dioxide 
than of oxygen 


While the usefulness of aquatic plants, ns far as their ability to re- 
oxygenate water 13 concerned, has been overstated by aquan«ts plant® 
0 ave manj important duties m an aquarium They provide suit 
a e 81 es or the attachment of the fertilized eggs of those fi®h which, 
in spawning, scatter adhesive eggs The> provide convenient attach 
men or a wealth of sessile microorganisms which, in turn, 

InTol i7 food [®ee Needham and Lloyd (1916) 

, ^ 7 ^ 1 Rooted plants utilize some of the organic 

S' I'™ 1 Tmally, plants create 

® ^ fishes and for the less aggre'siv e members of an 

of specialized u®es to which the various species 

of aquatic plants may be put are given below 


Plants for the Aquanum 

Centralized Root System These plants 
the lc\cl of ko 'T*' 1 expo-ed aboxc 

the planu am lh^:r.'o dc^n^“'^ 
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Cryptochoryne. Many species, all natives of tropical Asia and the 
Malay Archipelago, are useful because they do extremely well in 
subdued light. The nomenclature of aquarium species is con- 
tradictory, 

Cryptochoryne sp. has narrow, lance-shaped green leaves and is 
the dwarf of the genus, rarely growing over 6 inches in length. 



Fro 3. Plants for small aquaria. On tlio left the dwarf or microsagutann (Saait- 
taria tubulala), showing runners and throe young plants attarhed. On the right 
the dwarf cr>pt, Cryptocorync sp. (Photo by S C. Dnnton, New York Aquarium, 
New York Zooiogtcnl Society.) 

and is one of the most desirable of all plants in shallow-water 
aquaria. The leaf stalks, in growth, habitually bond in a gentle 
curve (fig, 3). 

Cryptochoryne cordata and Cryptochoryne nillisn resemble each 
other. Both have deep puipli^h green leaves, the undersides of 
■winch are purple to red. 

Cryptochoryne grijjithii grows to 12 inches. It has narrow stalk-like 
leaves which broaden out, becoming ovate, spoon-shaped. These 
have a wax>’, glistening, deep green surface. 

Sagittaria and rnffisncrm contain the species of aquatic plants which 
arc the most desirable for aquarium purposes. Tlie effective- 
ness of their fine system of busby roots in utilizing tlie accu- 
mulating fertilizer of the bottom was revealed in an instructive 
experiment which was dc-cribed by Pond (1918). This work indi- 
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catcd that the=c plants do take up matter from the substrata and 
m so doing arc cficctiic aids m keeping aquarium gravel clca 
There are many anatomical differences, between Sa^ttana ana 
Vatlisnenaf especially m tbcir flowers, but their leaves an too 
are superficially similar However, the outer margins o ° 
nena lea^cs are lighter green than the middle part, ^ 
leaves of Sagiffarwi are rather uniform in color Tins dis inc lo 
IS made plain if one holds the two kinds of lca\cs up agains 
bright light , . 

Sagitlana nalans (common sagittaria) has gra«s-hke lea%es a ou 
y_ inch wide and grows from 6 to 8 inches tall 
Sogittana sinensis (giant sagittana) is suitable in large aquana 
where the graiel bottom is 3 to 4 inches thick Its leaies are 
fairlj thick and bnttle compared with others of the genus 
Sagittana subulata (dwarf or micro«agittana) is particularly suic 

for the breeding and maintenance of the poecihid fi®he« 
plant forms a fine, turf-hke mat o^cr the gra%cl b> sending ou 
many runners The stronger the light, the shorter the plan , 
some ne^er get larger than 1 to 2 inches In aquaria of 5 gallons 
or k«s, it 19 preferable to all other species m this group (fig 
Vallisnena spinlhs (tape gra«s) is a tall plant which is better 
suited to the large aquanura (fig 4) In bu>ing this or any other 
aquatic plant for aquarium purposes, it is extremely important 
to get aquanum-grown plant® There is a tendencj for plants 
collected in the wild to wither away during the dark winter 
months 

Submerged Plants with Roots Deieloping from Individual Stalks 
The«e plants should be u'ed unrooted although sometimes the roots 
will extend to the gravel and become attached The plants should not 
be inserted into the gravel, for the ®talks decay rapidly when covered 
(fig 5) 

Cabomba carohnianui (fanwort) has round stalks around which grow 
hair-hke leav es It is often sold but in the aquanum it is a rather 
delicate aquatic plant tliat is hkelj to break apart 
Ceratophyllum (homwort) has a hom> feel owing to calcareous de* 
posits upon it In a vigorou®l> growing state its bu«hy, horsetail 
like arrangement of fine leaves provide a sanctuary for the spawn 
of goldfish and for their fry 

Anachans {Elodea, Philotna) canadensis (waterweed, Babbington’s 
cur«e) has bnttle stems around which extend whorls of three or four 




Fra 4. ValhaneTia, tape grass, slioning habit of W T. 

runners Aquarmri-grown varieties are the d^irable kind (Plioto from 
Inncs, 1048a ) 

Uyriophyllum (miUfoil) is so named in allusion to 

ot the foliage nhich is arranged m fans and nhorls. ■- 

plant for spatvning of goldfish, but otnng to the 

stalk it is likely to break apart and die out in a small aquarium. 

Submerged Plants wthout Roots 

NitoUa (stonetvorl) is, in the opinion of the author, *1'“^ plant of 
its type for providing shelter and food to netvborn viviparous fishes. 
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It is important to obtain aquarium-grown pure cultures, free of 
filamentous algae and particularly free of the fine bladderw'or 
(Utncularm minor) When p^o^idcd with an abundance of light 
the plant grows \igorously yet it is easily controlled simplj } 



Fia 5 Cabomba, Mynophyllum, Anackaris, indicated from left to ngbt Co- 
bomba, bert wiling but lean useful, \tynophvnum. useful in goldfish spawning. 
Anackarvi, hardie»t of all aquanum plants (Photo from W T. Innes, lOiSs ) 

tearing attay parts of it It cannot be destroyed by this crude 
treatment Aifella is, in a £en«e, a linear ma^s of almost nahed 
protoplasm.^ It is particularly sexisitue to chlorine and other toxic 
substances in the water. As mentioned tl-ewhere in a discussion of 
conditioned water, an aquanum which will support a \igorous 
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growth of Nitella is quite suitable for fishes [see Gordon (1943) and 
fig. 23] . 

Biccia jluitans (crystahvort) has strong, interlacing branches that 
form a loose tangle of innumerable, interconnected channels (fig. 6). 
The compact masses provide a sanctuary for the fry of viviparous 
and egg-laying fishes Crystalwort is parlicnlarly useful in breed- 
ing such fishes as Gambusia and Epiplatys which are extremely 
predaceous. 



Fia. 6. The interlacing branches of i?icctn; crj’stalwort is useful in breeding 
predaceous killifislies. (Photo from W. T. Innes, 1948b.) 

Utricularia minor (lesser bladdcrwort) is preferred by many fish 
fanciers for the spawning of many species of fishes. However, 
this plant has two disadvantages. Its branches are extremely 
thin and tough, and as the plant gro\^^ in thick mats, the entangling 
threads may gill-net the adult fishes. The traps may engulf the 
tiny fry of certain cgg-lajing fishes. 

Utricularia vulgaris (common bladdcrwort) is dangerous owing to its 
definitely carnivorous properties — its bladders arc quite large and 
fully capable of trapping young fishes. A comprehensive mono- 
graph on these carnivorous plants has been written by Lloyd (1942). 

Surface Plants ^Vluch Grow Partly above the Water-level. Some of 
tlicsc plants are useful for reducing tlic amount of top light. Some, 
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because of tbeir elaborate root system, arc useful for spawning pur- 
poses 

Ceratoptens thalicroides (water fem) a true fern. It has sharply 
cut Iea\cs, much like parsley. Indeed, it is eaten as a vegetable 
in the Indian Archipelago, where it is native. The water ferns arc 



® but one which multiplies rapidly 

for thpv ti, ^ heht. Thick surface mats of this plant are dangerous, 

for they may suffocate fishes. (Photo by L,lo Hess, from Mjtou Gordon, 1915. 
courtesy of Nature Maffazine ) 

wST" themselves by means of young plants 

Under numbers along the edges of the older leaves. 

flow’eri!!! (water hyacinth) is one of the showiest of all 

extraorJn ^ petioles of the leaves are inflated to an 

SDonfTv u ®gree. These bulbous structures are filled with 
tremSl '^^*®** enables the plant to become ex- 

onlv a fpw tlo" ers are beautiful but last 

area thp native, semi-tropical habitat and adjacent 

Burfaco luxuriantly, covering many acres of water 

. It :s regarded as a grotesque novelty in countries foreign 
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to it. Water Iiyacintlis are a serious liindrance to navigation in 
the rivers and canals in Florida and Louisiana. Tlic feature which 
makes these plants important to the fish breeder is their long, 
purplish roots. Their fine, bushy roots and rootlets which hang 
down S or 10 inches below the water surface provide one of the 
best places for the adhesive eggs of goldfish. 

Lcmna minor (common duckweed) is one of the world’s tiniest flower- 
ing plants, risli fanciers like it because this duckweed is eaten by 
goldfish. Lenina also harbors many microorganisms. Duckweeds 



Fiq. 8. A cluster of Salvinia, a surfacc-erowing aquatic plant useful m providing 
shade. (Photo from W T Innes, 1948b ) 

grow at a prodigious rate, and for that reason they should be used 
in the aquarium with caution [sec Gordon (1945) and fig, 7]. They 
are difficult to eliminate once they arc well established. Some 
aquarists use them to cut down the amount of top light, but other 
larger and more manageable plants should be used for this purpose. 
Pistia stratiotes (water lettuce) is a decorative plant of limited utility 
for the fisli breeder. Its ribbed, pale green leaves are fan-shaped 
and form rosettes. The plant’s usefulness lies in its white, long, 
feathery root system which provides a sanctuary for developing 
fish eggs and fry. 

Salmnta natans (cat’s tongue) has small, swollen floating leaflets 
about to y^ inches (fig. 8). They are bright green above, while 
the undersides arc matted with clusters of brown root hairs. Where 
shade is required, this plant should be used. It does not grow as 
rapidly as Lemna and can be kept under control. 

In addition to Lloyd, the subject of aquatic plants has been covered 
by Arbor (1920), Perry (193S), Fassett (1940), and Aluenscber (1944). 
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Green Water 

When the snbreerBcd, bneht green plant "a!”- 

rapid reproductive activitj tbcj create a ^ carried 

,um water Spores of the microscopic edges of 

aith du«t particles ercrjnherc Thej ^ and 

fresh-ivatcr ponds, saamps, and ruer banks, the 

arc bloa-n an ay in all directions Many alg ^P 
specialued and cannot niUistand found 

coccus normally lire exposed to the air b® ChloTella, 

alire in the natcr, but according to Snon (1«8) apcc es 1 ke CHore 

Sdcliococcus.andl/onnidminniayadaptthcmrelvcst 

emironmcnt These algae are rery nidely distributed under many 
diftercnl conditions Thus it nould be quite 
cells to get to any non body ot nater, large or small It is unli 
that any aquarium is free ot tlicm tor ycry long 

The immediate conditions m and around an aquanum mil a 
mine whether the algal spores mil deyclop into plants nliich then mi 
multiply seemingly mthoul restraint The greater the 
light, other conditions being equal, the more rapid the plants m 
grow This factor usually can bo controlled Often the simple e^ - 
dient of laying a piece of cardboard on top of the aquarium, or a ong 
the side of the tank nhicli recciics the sun’s rays, mil cut down t o 
critical amount ot light needed by algal plants for rapid multiplication 
If this does not work, then the chances are that the aquarium wa er 

contains an overabundance of plant food a condition which may ave 

developed in a number of wa>s Feeding too much food to the fishes 
provides the fertilizer for the water plants Keeping too many fis es 
in a relativel> small tank transforms the food eaten into fertilizer 
rapidly At the same time the crowded fishes rai'e the concentration 
of carbon dioxide in the water by their respiratorj activity, and, o 
course, the plants utilize carbon dioxide m the presence of light for 
their photosynthetic proce««es If it is impractical to allev late crowde 
condition®, artificially aerate the water, feed live food as much as 
possible and for as long a period as necessary and at the same time 
cut down on the light 

Some aquansts claim that when a tank is in a process of turning 
green with algae, a few quart® of water from a long-®et-up clean 
aquanum will often clear the water overnight Some recommen 
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copper sulphate to clean the water, but this is extremely dangerous 
The safest principle upon which to act is to star\c the microscopic 
algal plants This may be done by reducing the algae’s available 
food supply Remo-v c the plant fertilizer in the bottom sediment bj 
siphoning hlakc it impossible for the plants to utilize the available 
food by cutting down on the light source by artificial metiiods or 
by adding some surface lo\ing phnts like Salmnia or Rtccia which 
will produce shade and at the same time utilize some of the plant food 
in the water In addition, one may introduce a number of plant 
competitors within the water prcfciably tho«e which are easily con 
trolled, such as Anacharis or Nitella 

Some aquarists believe green water has a beneficial effect upon 
aquarium fishes, and they often recommend that sick ones be placed 
in such water The usual reason given for the alleged beneficial 
effects of green water is that it proMdes a super abundance of oxygen 
Perhaps all it provides is protection by I'^olation It must be empha- 
sized that green water may be dangcious, for on dark hot dnjs and 
hot nights the algae use up oxygen and at the same time liberate car- 
bon dioxide Green algae arc particularly dangerous when d>ing out 
rapidly, for they are decomposed by aquatic bacteria, and this in 
creases the CO 2 content of the water 

NUTRITION 

Prepared Foods 

Any of the standard brands of commercial dried aquarium fish 
foods may be used equally well, but as much attention should be given 
to the ph>sical shape of the food particles as to their chemical com- 
position No matter how well formulated and carefully prepared the 
food may be, unless the fish cat it the food w ill rot and foul the w ater 
As such it IS not a food but an undesirable fertilizer Moreover, it 
must be remembered tint overfeeding is responsible for more failures in 
aquarium management than any other single error 

A review of the subject of nutrition m fishes is not feasible here 
but a number of references may serve if this subject needs further 
elaboration Cultivated fi«hcs do suffer from dietary deficiency dis- 
eases [see Wolf (19-15)] Embody and Gordon (1924) compared the 
compo<«ition of the live food which trout cat in their natural waters 
with the artificial foods used bj fi^h hntcherjmen Introductions to 
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fish nutrition nerc presented by McCny 

Phillips and Brocknnj (1948) , and Tun, son 1945 ^ ‘ . 

summary on fish feeds and feeding Kenyon (192o) studied th B 

tiic emymes in poikdothemialicrtebratcs j t mien 

A successful formula for the preparation of a dned food is g 
later in this section, hut it mav be laried to suit the needs of he 
experimenter White fish meal salmon egg meal, clam ““L 
CEB yolk, dried liier, breners’ dried jea"t, dried and ground 
haie been used successtullv Dried shrimp, nhich aquansts regar 
as the best single food is the most expensive Honeicr, nhen p 
shrimp IS bought in bulk the cost is le=s than that of commercially 
prepared foods On the -Khole, fishes being some of the smallest 
laboratory animals, the food bill, on the basis of each expenmen 
indiiidual, IS relatively low 

Lii-et-cereal Wet Food The liver cereal food dc=onbcd below i» 
designed for feeding as a thick, net mash The following is a mo i 
fication of on earlier formula of Gordon (1943b) 

inCEEDlEXTS 


1 pound of fre«h beef liver 

20 lable«poonfuls of Pablum or Ceravim 

2 tcaspoonfuU of table salt 


APPARATUS 

faring blender or K>M liquidizer (fig 9) 

1 Skin the Incr of its connccti\e li^ue cotenng, reTno\c the larger 
blood ^cs«cl8 and other tough or fibrous tja-^ues 

2 Cut liver into %-inch cube’s 

3 Measure 2 ounces each of cubed h\er and cold water Place m 
blender and liquidize Pour liquidized hv er through the strainer into 
a 2 quart howl Repeat until all the h\er is liquidized and strained 
Add salt 

4 Add Pablura, Ceravim, or any other similar dry, precooked 
cereal, stirring thoroughl> all the time Add as much cereal as the 
liquidized li\ er w ill take or until a thick pcanut-butter-like consistency 
IS attained 

5 Fill 1-, 2- or 3 ounce gla«!s containers, the size depending upon the 
amount u«cd for a «mgle daj’s feeding of the liver paste 

6 Place filled gla^s jars m water Heat until water begins to bod, 
turn ofi beat, and allow jars to stand in hot water for about % hour 

7 Cool and cover the gla"s containers and place in the colde«t part 
of refngerator Some ma> be frozen 
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Heating the liver mixture is necessary to coagulate the liquid ele- 
ments of the gland. If heat were not applied, the liver fluids would 
rparate from the paste, and when placed in the aquarium water the 
fluids would foul the water just as 
quickly ns ordinary liver particles 

do A- 

For ordinary routine in feeding, 
the fishes arc given a portion of the 
liver paste, the size varying from 
that of a rice grain to that of a 
coffee bean or larger, depending 
upon the number and size of the 
fishes and the temperature of the 
water. The fishes are usually ted 
once a day, early in the morning 
so that they may have an entire 
day to finish the portion given 
them. If any food remains uneaten 
on the following day, no further 
feeding is made until all is gone, 
or the food removed by some other 
method The uneaten food, it prop- 
erly prepared, will remain intact 
and will not dissolve for a day or so. 

Very young live-bearing fishes 
will learn to peck at and eat pieces 
of the liver paste since it crumbles 
into extremely tiny particles. In 
these tanks, be sure that there are 
not too many snails because these 
scavengers will be attracted to the 
liver, crawl over, and cover it en- 
tirely, making it difficult if not 
impossible for the very small fish 
to get near the food. 

In the Genetics Laboratory of 
the New York Aquarium this food is fed every other day. On alternate 
days, the fishes are given pure, shredded, dried shrimp or live food 
such as tubificids, whiteuorras, or Daphnia. In the aquarium of the 
Department of Animal Behavior at the American LIuseum of Natural 



Fia 9. The electrical blender liquid- 
izes h\er, which is then combined 
with precooked cereals for a stand- 
ardized fish food (Photo by S. C. 
Dunton, courtes>' of Animal King- 
dom, New York Zoological Society.) 



378 HSnES AS L\DOR\TOK\ AMMAI^ 

Historj , the dried Ehnmp is combined ttiUi the h\er pa«tc at the time 
that the dried cereal is added to llie liquidized hacr 

Yudkin (1949) ^ams that raw fidt, particularly that of c>pnn , 
contains tlic Clinstck pnraljsis factor, an enr>mc called ‘'"“"’'"''J' 

■which destroys the Mtamm thinnimc Rnu fidi should be u«cU 

caution in the diet of other fidics, and if used, should be giacn sop 
ratcly, not mixed Vrith other ingredients of the food 
A Standard Dried Food The li\cr cereal food has been made iw 
ba«e for the standard dried fidi ToimI for Tildpta, the African mou i 
breeder, and AnopUchthys, the blind ca%c characm, both of u ' 
ha\e been maintained and bred for man> >ears for e\i>crimcntn "or 
at the American 'Mu«cum of Natural !Iistor> The ingredients am 
proportions arc as follow's 


I ner of lietf 
PaUum or Ccravim 
Shnmp shcU mcnl 
Shrimp meat ehrwWoiJ 
Lettuce 


Spinach 3 

The raw beef liter is cut into 2 inch pieces and placed in a kettle 
cotered with water, and boded for 15 minutes The liter is then rc- 
moted from the kettle, but the liter liquid is need to boil the 
shell meal the shredded slmmp the tcgctables, and cereal The 
boiled liter pieces are cut fincl> bj pa««ing them through a meat 
grinder, and then the chopped liter is added to the shrimp-tcgctablc- 
cereal combination and ctcrytlung is cooked together for an additional 
15 minutes The warm paste is spread oter large trays and cut 
across to form patties about 2 inches square It is dried m the sun 
or over heated steam cods like lho«c of a radiator Then the food is 
scraped from the drying pans and ground in a mill The broken 
pieces are parsed through several screens and sorted for fine, medium 
and coar<e grades Dr I ester R Aronson has found that a corobina 
tion of the crude «hnmp shell meal and pure shredded shrimp is better 
for fishes than the pure shnmp meat itself Apparentlj the crude 
shell material adds bulk and carotin pigment elements to the diet, 
both of which are highly desirable 


Lave Foods 

Daphnia and Theit Culture Any aquarium laboratory ha\ing fif^J 
or more tanks de\oted to reanng small fishes should ha\e facilities 
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for the home cultivation of Daphnia, the prime live food of all fishes 
(fig. 10). In the Genetics Laboratory of the New York Aquarium 



Fia. 10. Daphnia pulex, the waterflea of prime importance os food for fislics. 
The oval objects are the ova wliic-h develop parthcnogonctically into females 
Insert shows natural size of the Daphnia. (Photo by D. J. Scourfield, courtesy 
of W. T. innes, 19l8b,) 

a circular, six-foot tub made of cedar staves, holding water to the 
depth of a foot, lias yielded an adequate supply of water-fleas the year 
round for frj' tip to a month of age. And it has been found that when 
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DapMii. arc fed to the fi=hcs )U"t after tl.c> arc bom, thc> 6ub=c- 

qucntly Rrou better on other food** nf 

There have been anj numl>cr of suggestions for tlic culti a 
Daphnia The fertilizing eidManccs for u'C in outdoor ' 

suited for the cultivation of Daphma in tlie lahoratorj Such v.a 
fertilizers as the fresh manures of cattle, hor«e«, or chickens 
practical These substances have adequate Ic"* odonfcroii**, “U 
tutes in dried skim milk, brevverh dned jcn«t, bone meal, so} )can 
meal and the outer leaves of lettuce plant** (tho®c which arc goner 
all} discarded b} retail grocers) Small amounts of sugar or mo a** cs 
and vitamin B tablets have been u«ed to advantage A strong cur- 
rent of air bubbles is nccc«**ar} to bring carbon dioxide and other 
to the surface of the water Ko soil is required or desirable m the 


indoor Daphma pond . 

It 13 difficult to prescribe an> definite rules for the maintenance o 
Daphma culture, for tlic variables a« regards the temperature of t ic 
water, the amount of available Daphma food, the amount of decom 
posing substances m the water, and the numlier and condition o 
Daphma arc too great One should avoid a rapid nsc in the Daphma 
population because it is hkcl} to be succeeded b} a dearth If a 
swarm of Daphma appears net them out reducing the population, 
and feed them liberal!} to the fishes Tr} to stabilize their increase 
by regulation of the amount of their f<x>d 
The appearance of cphippia or winter eggs in the brood chamber of 
females is indicative of adverse conditions This rna} call for the 
partial drainage of the pool and filling again with frc«h, well aerated 
water 

A mixed culture of daphmoid specie® i® preferable to one containing 
a single species Afoina is smaller and v\ill tolerate higher tempera- 
tures than Daphma pulex Daphma magna is one of the largest and 
IS the species generally cultivated at the larger fi®h hatcheries 
(Holm Jensen (1948) has U'ed this species as a test animal in stud}- 


ing the physiological effects of hcav'y metals ] 

In general, most species of water fleas do best in cool water, 70° F 
being about right Cultures have been maintained continuou®!} for 
over SIX years, but conditions will arise when draining and refilling 
with fre«h water are dc®irab1e Often partial drainage, and at the 
same time the removal of the bottom products of decomposition, will 
restore the Daphma pool to normal productivity If complete dram 
age is necessary, a few Daphma should be saved to seed the water 
for the new culture, but they should not be placed m fresh water 
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until the organic fertilizers have had a chance to condition the water 
for them. Obviously there is a saving in effort if adverse conditions 
may be anticipated. 

The cultural methods suitable for Daphnta are also useful for rais- 
ing the small tubificid worm Aulophorus, but perhaps the worms re- 
quire more lettuce leaves than Daphnia ordinarily need. These worms 
are especially desirable because they are small enough to be eaten by 
day-old poeeiliid fislies. Hyman (1937) furnishes more details on 
their culture [see Tubificid (Tubifex) Worms]. 

For the cultivation of Daphnia and other useful invertebrates the 
grand compendium gathered by Needham et al. (1937) must be con- 
sulted. For a popular account of their life history and species, see 
Gordon (1941). For information on invertebrates often found in the 
aquarium, sec Ward and Whipple (1918) and Boardman (1939). 

Wliiteworms and Tlieir Culture. For the culture of whiteworms 
light, loamy, porous soil containing some disintegrating wood may be 
gathered from a woodland area, sometimes from within the trunk of a 
dead tree. Humus, sterilized and neatly bagged, may bo purchased 
from any of the larger garden supply houses. The soil is placed in 
wooden boxes about a foot square and six inches deep. A variety of 
foods has been given with equal success. Some wliitcworm culturists 
lake a handful of raw, rolled oats and mix it in the soil, combing it 
through a few times. Advocates of rolled oats claim that the soil 
remains sweeter longer. The soil at the beginning may be slightly 
moist and cnimbly, but after the worms and food are placed togctiier 
in the box, the cultures arc wetted down. The soil sliould be well 
moistened at all times but not soggj'. Some fanciers place a pane 
of glass directly upon the soil to maintain an even degree of moisture; 
others just stack one box of worms upon nnotlier. The c.\*pcrionced 
aquarist Stoyc (1935) suggests covering the cultures with a wet cloth 
or a dozen thicknesses of wcll-moislcned newspaper. 

Wliite bread soaked in milk is the aquarisl's favorite food for 
whiteworms, but many kinds of cooked cereals and vegetables have 
al«o been used. The food is placc<l about two inches below the sur- 
face of the «oil and covcrctl over with it. Food should not be placed 
on (he surface, for it will be consumed by molds, nor should too much 
food l)c fed at one time. 

The temperature level at which worm cultures should be kept i« just 
a«« important the kind of footl they get. Indeed, in many instances 
the tcmjKTnturc factor derides the issue. Worm** do not thrive well 
above 70° F. (22“C.). Tlicy do best between 00 and 70° F. Next 
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to the proper tcmper'jtiirc and iood, a proper degree of moi'lurc i" of 

greate'st importance 

\\ hiteworms (Enchyfareus afbidus) are quite similar to earthworms 
m their mating behaMor Thc\ he appo«ing the acntral surfaces of 
their antenor end= the head- pointing in oppo-ite directions Mucu« 
i« cecreted until each norm becomes cnclo«cd in a tubular ‘'slime 
tube " Thej are hermaphroditic and after an interchange of «perms 
the iiorma separate Tcrtilization of the eggs takes place within the 
mucous ring which finally ®hps pa«t the anterior tip of the worm and 
becomes clo®ed at both ends to form a «calcd cap-'ule or ‘ cocoon ” 
The fertilized egg® de%clop dircctK into joung worms and e«capc from 
this cap'ule Cultures of whiteworms arc maaded b\ red mitc« and 
bj the laraae of fungus gnal« but lhe«c cau'c little trouble How- 
c\er, ants and particular! j mice do considerable damage and thc-c 
mu«t be excluded 

Tubificid (Tubifex) Worms No matter how highlj Tuhifex and re- 
lated aquatic worms maa be recommended to the aquan-t, he will do 
well to remember that the«c worms are organi«m« of aquatic filth To 
the aquatic bioiogi«t inspecting watercourses for «ourccs of pollution, 
the diecoaerj of liamg tubificid worms is hi« be-t po«iti\c clue to the 
presence of organic «ewage In nature the«e worms haae a aital role 
in transforming the raw organic wa«tc8 into h\mg organi«ms suitable 
and acceptable as food for fi-hes, amphibia, and other higher form* of 
aquatic life 

Tubificids are usually mo t plentiful about one half mile dovm- 
slrcam from the spot wliere raw pollution is dumped On its pa««age 
down the n\cr courses it i« aerated and acted upon bj bacteria The 
suspended matter settles in low w atcr areas of the flat lands and forms 
the characteristic black, evil smelling muck ®oil Continuing bacterial 
action e\entuall> transforms the organic ®cwagc to a substance which 
can be utilized by tubificid worm® 

The methods of a tubificid collector were de®cnbed bj Armbru®ter 
(1937), who declared that the bc®t collecting grounds were in muddj 
flats of tidewater streams and ponds In the water the worm® form 
qui% ering ma««e« which re«emblc animated rust-colored fibrous mat® 
l\hen disturbed the worms disappear into their slim> tubular homes 
Armbruster scoops up the tubificid worm-infe«ted mud by cutting 
off the upper 2 inches of the soil He u®es a stout metal nramed net 
fitted wnth strong curtain senm of %-mch me«h The ma®= is washed 
in a slmcewaj for a rough «eparation of the norms from the soft 
muck 
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Armbruster’s method of separating worms from the muck is hard on 
the worms but it is effective. He places the crude worm mass in cans 
to the depth of about 3 inches The cans are tightly closed and 
placed m a very warm room at about 80 to 90° F. This causes some 
suffocation, and the worms, after a 2-hour treatment, are forced to 
come to the surface. They gather in dense masses and arc picked up 



Fro II. Live food The worms are tubificids, the common genera of which are 
Tubtfex and Linmodnlus The waterfleas above the worm mass are Dapknia 
■pulex (Photo by S C Dunton, New York Aquarium, New York Zoological 
Society ) 

by hand and placed in cool running water. The colder they are 
kept, the better they will last; a few degrees above freezing will do 
them no harm As the ^orms lose the protection of mud they cling 
to each other, forming red-brown balls and mats (fig 11) In this 
condition the worms are sold and arrive at the laboratory They are 
still far from clean, and it is dangerous to feed them immediately. 
The worm mass should be placed in running water in a shallow con- 
tainer hko a large whitc-enameled photographic tray about 2 inches 
deep One end of the tray should be tipped slightly by placing a wedge 
underneath it; then let a sircam of water play upon the surface so 
that it overflows It is far better to lose a few w’orms, when some of 
them become disengaged from the main mass and float over the side 
of the tray, than to pollute the water of aquaria by feeding the worms 
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inadequately unshed Not only must all the residual 
mg the ^sorms be washed away, but they must be washed until 
contents of their alimentary canals arc entirely evacuated In 
laboratory adequate washing requires about 48 hours, but the mass 
of worms should be checked for cleanliness regularly by being turned 
completely o\er in its water basin The presence of a gray, foul- 
smelhng slimy mass indicates that the washings should be continued 
The putnd waste may be removed convemcntly with a small, square- 
shaped, fine-meshed fish net 

When the worms are completely purged they are fed to the fishes 
by taking an appropriate pinch ol them, nipped away from the 
mass with a pair of tweezers The fish should be given as many as 
they can cat Tubificids as fish food are regarded as a rich diet and 
should not be guen continuously day after day In our laboratory, 
worms are fed, when available, every third day 

Many aquansts suspect tubificids as earners of diseases, and tins 
may be so, m consideration of the polluted areas m which they live 
Dr Clifford Grobstem of the National Cancer Institute has obtained 
evidence that these worms carry the organism — or a related organ- 
ism — that 18 probably responsible for the red-leg disease of frog«, and 
a somewhat similar disease was found in fishes fed on commercial 
“Tubifcx” 

According to Hyman (1937), the worms sold under the name of 
“Tubifex” generally consist of mixtures of genera and arc seldom pure 
Tuhxjex Often there are no Tuhifex at all present, but instead 
other genera of the family Tubificidae, notably Limnodnlus, which 
in many localities are much more common than Tubifex It is there- 
fore better, Hyman suggests, to refer to these worms as tubificuis than 
Tubifex 

Tubifex and Limnodnlus arc aquatic annelid earthworms belonging 
to the Oligochacta In nature they dig Ihcir heads dowm an inch or so 
into the bottom mud, and build themselves tiny protective tubes 
Their tails possess breathing oigans which stick up above the sur- 
face of the surrounding muck, waving back and forth, gaming as much 
oxygen as they can m an environment which does not contain much 
oxy gen H hen tubificids are kept in small containers in a laboratory 
they form compact masses, and they need all the oxygen that can be 
provided If experiments with fishes arc planned which call for a con- 
tinuous supply of tubifieid worms, thought must be given to the 
po««ibilitj that the«e vionns cannot be collected m large numbers 
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when the collecting grounds arc sisept over by flood waters or when 
the mud flats are co\cred with unbreakable ice 
A related oligoclinct, Auiojihonis, may be raised in small quantities 
togetlier with Dapknm in the laboratory, and the metliods are pre- 
sented in the section under Dapknia and Their Culture 


Snails as Scavengers 

A limited number of aquarium snails arc useful m an aquarium, for 
they aid in converting uneaten food into comparatively innocuous 
organic substances Snails eat and remove some of the algae that 
grow on the surface of tlie aquarium glass and plants Having snails 
in an aquanum, however, should not encourage carelessness in over- 
feeding fishes, for snails cannot recondition a poorly managed tank 
Snails should be eliminated from tlie breeding tank, or they will 
devour newly fertilized oi developing fish eggs Nor should many of 
them be permitted in tlic rearing tanks holding small fishes, for tlien 
they will find the food and cat it before the fishes can get at it 
Two species of snails may be recommended, the ramshorn (Pla- 
norbis) and the pond snail {Physa gynna) The red or black ramshorn 
IS preferable under good aquanum conditions w’hen plants are growing 
vigorously The pond snails' gluttony and great reproductive capacity 
often make them a nuisance, for they overdo the job that aquarists 
wish them to do 

If it should be necessary to propagate snails rapidly, feed them on 
lettuce leaves, but watch the pH of the water, for they are likely to 
acidify it The use of Nitella in their breeding tanks is recommended 

REPRODUCTIVE BEHAVIOR PATTERNS IN SOME 
LABORATORY FISHES 

The equipment needed and the methods employed for the breeding 
of the various species of laboratory fishes are determined by their 
reproductive behavior patterns Aquarists usually classify the types 
as follows 

1. Egg Scalterers. This category is further subdivided into those 
fishes which scatter adhesive eggs and those which scatter non-adhcsive 
ones The goldfish (Carassias) scatter their eggs in the brush-hke 
leaves of submerged plants or on the bushy roots of floating plants 
and the cgg<5 adhere to them The danios (Drackydamo) scatter their 
non-adhesive eggs Tho'se that fall in crevices of rock work or within 
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a tangle of iiater plants on the bottom may escape being eaten by the 
fish that 'pawned them 

2 Egg Gainers The medaka (Oryzuis) male js capable of m'em- 
inating the female so that {ertiliiatioiv is internal The eggs arc 
extruded but held fast to the female by a membranous sac The 
female exentuallj brushes it«clf against branches of aquatic plants, 
and the eggs become detached 

5 Bubble Nest Builders The Siamese figlitmgflsh (Betta) and the 
paradiscfish (Macropodus) n«e to the surface engulf mouthfuls of air, 
and blow them out m bubbles with films of mucus The fertilized eggs 
are placed m the surface nest by the male who guards them 

4 Mouthbreeders After spawning non adhesne eggs, parent fish 
of the Egyptian mouthbreeder {llaplochronm) and the African mouth- 
breeder {Tilapia) pick them up m their mouths and hold them there 
throughout the incubation period 

5 Lue Bearers This group may be subdivided into those which 
gi\e birth to all their joung within a few hours or minutes like the 
pht5 fishes swordtails and guppies and those like the mosquitofish 
(Ihterandna) and some species of Gambusia which produce a small 
number of li\ing young every day for «cveral da>8 

In the following section onl> the outstanding laboratory species will 
be treated For general information on the aquarium and its fi«hes 
consult the books by Innes (1948a 1948b), Stoye (1935) and Coates 
(1933) The following books on fi'hes and fisheries biology will be 
helpful, too Curtis (1938), Norman (1948) and Schultz and Stem 
(1948) Hubbs and Lagler (1947), Edd> and Surber (1947), and 
Swingle and Smith (1947) will provide information and references on 
general ichthyology on the life histones and on the culture of our 
native fishes 


Fishes Which Scatter Their Adhesive Eggs 

Oo’k&h?!! A large aquanum 36 inches or more long and 12 to 24 
inches wide is higlily desirable for breeding goldfi'h Fanciers take 
plants like Mynophyllum with its tnan> tiny leaflets tie them together 
at the ba'e of their stems and allow them to float just below the sur- 
face of the water m a circular pattern (fig 12), or they may use water 
hjacinths witli their extensive root «jstcra Goldfish m spawning 
ca«t their adhesive eggs upon the root hairs of surface plants or on the 
leaflets of the submerged aquatic' 
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The sexes ot goldfish may be recognized most easily during the early 
spring months just before breeding. Like most minnows (family 
Cyprinidae), to which they belong, the males develop small, white, 
pearl-like excrescences, in this case on their opercula. The ripe, ova- 



Fjo. 12. Goldfish spawning ring designed by Franklin Barrett, made by ticing 
bunches of Mynophylhim together. The ring floats just beneath the surface. 
Two male telescope goldfish follow the female and fertilize the eggs as they are 
emitted. The eggs adhere to the plant filaments. (Drawing by Franklin Barrett, 
courtesj* of W. T. innes, 1918b.) 


carrying females may be di«tinguislicd by tbeir rotundity. As the 
spav-Tiing period approaches in the early spring months, the goldfish 
may be stimulated by the addition of some fresh water and by raising 
the temperature of tlie water a few degrees. Ordinarily these fish 
require cool water, between CO to 70® F. 

Fanciers generally u«e two or three males to overj’ female for breed- 
ing purposes, saying tlial this results in a higher rate of fertilization 
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of the eggs Innes (1948b) reports that in the initial stages of re- 
producti\e behaMor the males drive the females for 6e\eral days 
When both sexes are ready for spawning the males butt the female 
vigorously with their snouts She swims over the cluster of tiny 
branches of the bushy Mynophyllum or the roots of the water h> acinth 
and releases a dozen or more eggs The males follow immediately 
behind the female and relca«e their sperm q\ er the eggs The ferti- 
lized eggs are adhesive and are locked m place in the \cgetation 
The spawning activities may continue from early morning till early 
afternoon 

The plants containing the adhering eggs may be rcmo\ cd from the 
breeding tank and placed in a rearing tank or pond If the breeding 
tank 13 suitable for hatching the eggs, the parent goldfish ma> be 
taken out The eggs, if left with the goldfish, may be eaten by them 
A large 6 inch female ma> produce 2000 eggs, but in general, smaller 
ones yield about 300 to 600 The maximum reported of a 5-ycar-old 
female w as 70,000 eggs They hatch in 3 to 6 days at 60 to 70* F 
The unfertilized eggs are likely to be attacked b> fungus (Sapro- 
legnui), the natural history of which was pre«entcd b> Gordon (1936) 
Some fanciers prefer to transfer the eggs to large, shallow enameled 
trays where the early stages of development may be watched care- 
fully The eggs that die are removed immediately to prevent the 
spread of the invading fungus 

The very young fry should be placed m tanks with no more than 6 
inches of water They require protozoa, small Daphnta, bnne shnmp 
naupuh, and fine dust-like powdered fish food As goldfish reach 6 
weeks of age, an increasing amount of \ anous cereals may be fed to 
them For this purpose strained oatmeal is recommended as part of 
the diet, but it should not be used exclusively As fishes increase in 
size, the kind of food indicated under Nutntion is adequate Allee 
and Frank (1949) have pointed out that goldfish utilize minute par- 
ticles of food in the water, and in the process goldfish ingest water 

The care, breeding, and history of the goldfish have been described 
m detail by Innes (1948b) Smith (1909), Wolf (1908), Matsubara 
(1908), and Mitsukun (1904) 

As early as 1894 William Bateson suggested that goldfish would 
be useful to the experimental zoologist Bemdt (1925 1928) studied 
the relation of variation to heredity, and similar studies were made 
by Chen (1925, 1926 to 1927, 1928), Fukui (1927, 1930), Goodrich 
(1929), Goodrich and Anderson (1939), Koh (1934), and Wolf (1908) 
The genetic analyses of the many color and fin varieties {fig 13) 
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were carried out by Berndt (1925), Chen (1926 to 1927, 1928, 1934), 
Goodrich and Hansen (1931), Hance (1924), and Matsui (1934). 
Kasansky (1930) studied goldfish-tench hybrids. The inheritance 
and histology of the warty growth on the head of the lionhead goldfish 
were dealt with by Slatsui (1925). Befi (19SS) studied the pituitary, 



Tia 13. Goldijsh, Carassius eiuratus, shovm Jjerc are ^«^0U'5}y colored; some have 
comet tails while others are fantoiled (Photo courtesy of New York Aquarium, 
New York Zoological Society.) 


and Levcnstcin (1939) related the cytology of this gland to the 
morphology of different strains. A sex-ratio analysis was made by 
Sasaki (1926), 

Tlic cmbrj’ological and lar^'nl development of the goldfish was 
studied by Battle (1940) and by Goodrich and Hansen (1931). Tung, 
Chang, and Tung (1945) studied potencies of blastoderms. Rliythmic 
mo\cmcnts in the developing egg were revealed hy Yamamoto (1934). 
Artificial fertilization ^^as attempted by Bcrkliousc (1909). In the 
field of bchaiior and pliysiology, Allw, Pinkel, and Hoskins (1910) 
and Alice, Frank, and Berman (1946) may be consulted. Frj', Black, 
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and Black (1947) recxcncd the influence of temperature and other 

factors on a«ph>\iation In a related form, Gcrbllsky (1937) traced 

the deaclopment of oaocjtes in Carasstm carasstus under different 

temperatures 

Much work on the non 'cxual social beha\ior of goldfish has been 
done Schuett (1934) Escobar, Minahan, and Shau (1936), Breder 
and Kigrelh (193S) and Shlaifer (1938, 1939, 1940) demonstrated 
and analyzed the effects of nia«s phj^iologj- on the individual fi®h, 
while Brcdcr and Halpcrn (1946) and Breder and Roemhild (1947) 
cU«cu=«cd goUlfi'li aggregation*' 

McYay and Kaan (1940) dc':cnbcd the goldfish's digestive tract 
Evans (1936) reported the relationship between vitamins and growth 
W alkcr and Bennett (1945) reported the size relationship m the optic 
sj^tem of the tclc«copc cjcd fi^h A stud> of their lateral line sjstem 
of canals wa" made by G M Smith (1930) 

The cfrcct" of thjroid feeding and ox>gcn consumption of the gold- 
fi«h wore studied by EtUin, Root, and Mof®hin (1940) , the effects 
of te«ticular "ub^tance on Ihcir weight were worked out by Stanley 
and Tc«cher (1931, 1932) The goldfish was al'o u«ed for assay of 
the thvrotropic hormone b> Gorbman (1940) Radiation studies were 
made bv ^mith {1932a l932b), Goodrich and Tnnkaus (1939), Ellm- 
ger (1940), and Davi«on and Ellingcr (1942) Ra«quin (1946) studied 
the relationship of bhndtic«s to pigmentation Castration experiments 
were performed bj llan'cn (1931) Goodrich and Nichols (1933) 
‘•uccccdcd m transplanting «calos of one vanet> m another 
IMicn maintained m cold water, 00 to 70* F, and not crowded, 
tilt goldfish IS cxtrcmcl> hardj It has been used extensivelv m studies 
of toxicil) |*•ec Gcr«dorff (1930), Laponta (1932), A«her and Alice 
(1940), Macht (1913), and Surber (1948)] 

A fibrosarcoma of the ‘'km in a goldfish was dc'cnbed b> Schamberg 
and Luckc (1922) 

Blind Cliaracin Tn the iindcnp-ound streams and pools of La Cuev a 
Cluca. tUe Wttid cbiwacvwv (AwojvtvchtKiis jordanv) woto di-covcrcd 
mar Tampaon Mexico (•'cc Jnnlan (1937), Innes (1937, 1948a), 
Bndges (1940), and 0 ono«TaJaU (1943)) Brcdcr and his associate' 
have demonstrated that this and related species are extremely u«cful 
as lahoratorj animals (fig 14) 

The Everglades Aquatic Nur«encs ol Tampa, Fla, among other®, 
liave fi»tciahied m the breeding of the blind characin, which fortu- 
natdj IS in demand a® an aquanum fi®Ii (Greenberg 193S) The fi®h 
IS Iiard> , omnnorou*, and tolerant of tcmjitraturc change® and de«pitc 
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its lack of eyesight manages to thrive as well as, and in many instances 
hotter than, those with normal vision. In an interview at Tampa, Eoy 
Bast, in charge of these fishc.s, gave me the following notes on their 
reproductive behavior. To secure breeders he maintains about twenty 
males and an equal number of females in separate aquaria. He pre- 
pares the breeding tank in the following manner; A 50-gallon tank 
is filled with clear, artesian-well water which, in Florida, has a slightly 
sulphurous taste and odor The water temperature is 75° F., and it 



14. The blind ch.iracin, Anopltchthys jortlam, an Dpg layer from La C«ev.a 
Chica, San Lnia Potosi, Mexico, leathing 4 inches (Photo by S C Dunton, 
New York Aquarmm, New York Zoological Societj ) 


is slightly alkaline, registering a pH of 7 5. Roy Bast uses no sand 
or gravel in the breeding tank. Since the blind eharncin’s eggs are 
adhesive, he prepares an appropriate attachment structure for them 
by introducing large clusters of Anacharis which completely cover the 
surface layer of xvater. 

Two large ripe males and one female are chosen from the breeders 
and placed in the 50-gallon tank sometime during an afternoon. The 
lighting conditions are seemingly unimportant, yet spawning, it it takes 
place, occurs usually between daxra and 8 a.m., sometimes extended to 
10 A.si. Roy Bast lias never observed spawning during tlie afternoon. 
It spawning does not take place within 3 days, the breeders are 
changed. 

If all conditions are right, the males sense the presence of the 
female, become more active, and swim faster. A pair meets at a 
comer at the bottom of the aquarium; they swim side by side and 
dasli upward togotlier. As tliey hit the surface layer of plants they 
violently break loose, and the female’s eggs are scattered in all dircc- 
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tions and most of tlicm become attached to tlic lca\cs and stems of 
the Anachans As tlic breeding pair breaks apart, a bloody red patch 
appears around the ba«e of the male's anal fin Bast thinks that the 
tinj hook on the male’s anal fin is somehow engaged and holds the 
female as the> rise together in the spawning act He also obsened 
that while two males were axailablc only one takes part in spawming 
According to this fancier, female blind cliaracms may deposit 5000 
eggs each, and he has raised 2000 to 50(K) >oung from a pair The 
female seems emaciated after spawning, but if well fed, particular^ 
with mo'quito lar\nc, it regains its rotundity and is capable of spawn- 
ing again in about 2 months After spawning the parents arc removed 
from the breeding tanks The fertilized eggs arc tin> , amber-colored 
glass-likc spheres After 4S hours most of the plants arc shaken to 
free them of the eggs, and then thej arc rcmo\cd from the breeding 
tank The transparent fr> struggle towards the darker section of 
the aquarium and attach thcm<cUcs to the glass at the backs of their 
heads When 3 to 4 da>s old they creep up the side of the gla*s, 
looking for food, releasing and regaining tlicir hold hen bom their 
ejes Bcctn to be normal and appear to function, for the frj were 
observed to catch tin> organi«ms b> sudden sideswipes of tlicir heads 
Later, m 3 weeks, their e>cs arc covered over b> the growth of the 
adjacent tissue 

As soon as the> hatch thc> arc fed a pulverized dried food, tin> 
Daphnia and mo«quito larvae sifted through fine organdy cloth The 
size of food particles is increased later, and larger food organisms arc 
fed When an inch long, the fish will accept any kind of food, seek- 
ing It out by their constant wandering moiemcnto 

In an effort to elucidate broadly the factors involved in the evolu- 
tion of cave forms Breder et of have studied the several kinds of 
Mexican blind characins {Anoptichtkys) , the clo'sely related, e>cd 
Astyanax mexicanus, and various tank bred hybrids and naturallj 
occurring mtcrracdiates between them The structure of thc=c fishes’ 
eyes was correlated with their behavior by Grosser and Breder (1940) , 
Breder and Grosser (1941a, 1941b), Breder (1943b, 1944), and Breder 
and Ra«quin (1947b) That eye remnants had no influence on 
growth was demonstrated by Breder and Rasquin (1947a) The ecol- 
ogy of A ]ordani was described by Breder (1942, 1943a) and Osono- 
Tafall (1943) The taxonomy of related forms was reviewed by 
Alvarez (194G, 1947) Chemical sensory reactions were analyzed by 
Breder and Rasqum (1943), and pigmentary changes associated with 
blindness and life in total darkness by Rasqum (1947) Social be- 
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havior and oxygen consumption in light and darkness were measured 
by Bredcr and Roomhild (1947) and Schlagel and Bieder (1947). 
Breder (1945) described an anomalous specimen, living without a 
loner jaw For further information concerning the structure of the 
characin eye and the phylogenetic history of the tcleost eye see Walla 
(1942). For a description of a remarkable case of lymphosarcoma 
in the eyed Astyamx, see Nigrclh (1947). 



Tio 16 The tiger hillifish, Eptplalp^ chapen, nn egg-lftymg cyprinodont Bpecics 
from the Gold Coast streams of Afnca, reaching 2 inches (Photo by S C 
Dunton, the New Yoik Aquarium, New York Zoological Society ) 

Tiger KilliHsh. The tiger killifish {Epiplatys chapen) are egg- 
laying cyprinodonts from the west coast streams of equatorial Africa 
(fig. 15). They thrive at temperatures between 70 and 80® F. Their 
eggs are deposited on submerged, floating plants and upon the roots 
and Toot hairs of surface aquatics In the process of spawning the 
male drives the female, then they swim side by side, pressed closely 
togetlior. At the instant of oviposition the pair bend their bodies 
into an S-shaped curr'c and hold this position rigidly for 5 to 15 
seconds. Then, perfectly synchronized, they straighten out quickly 
and at that instant the eggs, apparently fertilized, are extruded into 
the water. Every egg has several long, sticky threads whicli act as 
holdfasts and anchor it to a plant leaf or stem. Occasionally an egg 
falls free and lands on the bottom of an aquarium. Roberts (1935) 
noticed that one spawning lasted fiom 7;30 A.^r. to midafternoon, but 
the usual egg-laying period is generally over by late morning. Eggs 
hatch in about 6 days when the temperatures run from 80 to 85® F., 
or in about 12 days at 70 to 75® F. The fr>* move along the surface 



394 FISHFS AS I VBORATOR'i AKIMAIS 

and at times browse on the protozoan life attached to plants \Micn 
^\ell fed and eared for thc> reach adult size in about 7 months, but 
the males attain their nuptial color* at aliout 1 >car Sexuallj mature 
males !n\e brilliant red throats and loner bps Their sex ma> be 
recognized early by a gradually dcA eloping pointed cxtcn'^ion of the 
loner ra>s of the tail fins Tho«c of the female retain their well- 
rounded contours 

Epiplatys has been u=ed <»uccc««full> b> Ra^mii^^cn (1948) and 
others m expcnmcntal cmbrjolog> 



Fio 10 The Jebrafish Drackydamo reno an egg scaltcnng minnow from India 
and Bengal reaching ly mclcs (Photo from Oc "New York Atiuarium New 
\ork Zoological Societ> ) 


Fishes Which Scatter Tlieir Non adhesive Eggs 
Zebrafish The zebra danio (Braeftydamoreno) is a common aquar- 
ium fish about 1^4 inches long (fig 16) It and a related specie®, 
B albolineatus (fig 17) are readily available and have been u«ed in 
experimental work, particularly in the fields of cmbrjology In 
spawning these cvpnmd fish scatter their eggs which are not ad 
hesive They fall to the bottom of their spawning grounds where 
they are in great danger of being eaten by other fishes and sometimes 
by tho®e that spawned them Should they fall m bacterial ooze, they 
probably would suffocate For this reason clean spawning aquaria 
are desirable 
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The breeding tank for ^ebrafish should be not less tljan 36 inches 
long and the water no deeper than 6 inches. The bottom covering 
should consist of fairly coarse pebbles or large marbles between which 
the eggs will fall during spawning activities. To further protect the 
eggs, sprays of jVitella or J?icda should be anchored in the pebbles 
to discourage tlie adults’ tendencies toward ovacide. 

When a female is ripe with eggs the distension of her body is quite 
perceptible. Tiic male is slightly smaller, slimmer, and more intensely 
colored. The general practice is to use two males and one female in 
a breeding aquarium containing clear, conditioned water. The female 



Ficj 17. The pea\l danio, Braclipdatiio afbolincolns, an egg-laymg species (rom 
Burma and India, reaching 2^ inches (Photo by Myron Gordon.) 

is first placed in the tank toward evening, and 24 hours later during 
the evening the two males are introduced. 

Spawning is influenced by proper light conditions. If tlie morning 
light is adequate, the fish will most likely spawn in the early hours 
following daybreak. In spawning the males pursue and butt the 
female, and as the eggs are expelled they are fertilized. One to four 
hundred sliglitly tinted, glass-Iikc eggs are shed and lodge safely in 
between the pebbles and marbles When eggs are detected among the 
pebbles, the parent fish should be removed from the spawning tank 
and placed in separate tanks for another spawning at a later time. 
When the fishes arc properly maintained, ten spawnings a year may 
be expected, 

Danio eggs hatch in 48 hours at 80® F. The young fry hold fast 
to the glass, plants, or other objects. Within 2 days more the frj’ 
begin eating vigorously tlic various microorganisms or pulverized fish 
food with which they must be supplied. Breeders usually sprinkle 
the food in dust-like particles almost as soon as the parents are 
removed, so that an infusion of protozoa may develop within the next 
48 hours. As tlie fry grow they should bo transferred to larger aquaria, 
but the depth of the water should not be greater tlinn 6 inclica. 
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Crea'=cr {1934) appreciated earl> the «intabilitj of the zcbrnfi®!i 
for embrjological research and proMded information and special 
techniques for handling them «o that the dcNclopmcntnl stages of the 
eggs might be aaailablc at an> ‘specified time throughout the 5 car 
Roo=en Runge (1938, 1939) presented the original data on the bipolar 
differentiation cleavage in the egg*? of the zebrafieh, and Rugh (191S) 
has summarized the developmental stage** of its eggs at approximate!} 
15 minute intervals to the age of 146 minutes at 27* C Lems and 
Roo«en-Rungc (1943) dc«cnl)cd the formation of its blastodi«k, which 
was recorded by motion pictures Ivcvvis (1913) cmpha«ized the role 
of the superficial gel lajcr in gn«lnilation In the field of pigment- 
cell growth and regeneration, Goodrich and Kichols (1037) found the 
zebrafieh a u«eful experimental anima! 

The aggregating behavior of the danio was studied b> Noble (1939), 
Breder and Halpem (1940), and Breder and Rocmhild (1917) 


Egg Gamers 

Mcdalca The medakas {Oryztoi latipes) arc small fi«h about 1 to 2 
inches long, hardy, omnivorous, and tolerant of wide ranges of tem- 
perature, 60 to 90® F (fig 18) According to Robm«on and Rugh 
(1943), spawning is determined by certain conditions of light perio- 
dicity Oka (1931b, 1931c) pointed out that the males have longer 
dorsal and broader anal fins than the females and other different 
secondary sex characters In «paw'iiing the male approaches the female 
in semi circular movements Dunng the actual act the pair arc side 
b> side, and at th]« time the female is w^ominatod Instead of being 
released, a complement of seven to eighteen fertilized eggs is held 
together within a membranous sac, and this sac is attached to the 
abdomen of the female She swims carrying the grape-bkc cluster 
of crystal clear eggs for varying periods of time up to several hours 
They are ultimately «crapcd from her body as she passes through the 
tangles of aquatic plants When (reed (tom then sae the eggs, have 
thread like holdfasts which adhere to the filaments of such plants as 
Nttella and Ricaa In an exceptional medaka embryos were found 
within the body of a female by Aracmiya and Murayama (1931) 
Two female medakas spawned fourteen times in May, and one of 
them produced about 450 eggs according to Lee (1930) The egg« 
hatched out in 12 day s at 70® F Medaka fry grow rapidly on protozoa 
cultures, brine shrimp (Arfemta) naupuli, tiny Daphnxa, fine grades 
of dried fish foods, and small amounts of the y oik of a hard-boiled egg 



MEDAKA 


.nucczocl througl. a fine mesh cloth The number of frj reared depends 
Ta great Lalre on the a^adabd.tJ of the r.ght kind, and upon the 
ahldaiK e, of protozoa. eope,>ods and other appropriate nueroseop. 
organism^ during the first fen da>s of Tlie dcvelapmental 

stages arc descnhed bv Solherg (193Sb) and b> Riigh (191S) 



Tie 18 The modata Oryztm lalipes an ege carryini; cjpnnodont from J^an 
The female .s above the male below (Photo by S C Dunton the New York 
Aquarium New ^ork Zoological Society ) 


The mednka is native to Japan China and Korea, but it is a com- 
mon aquarium species all over the ttorld There are several color 
t arieties, the genes for tt Inch nre «cx linked They have been studied 
by Alda (1921, 1930, 1936), who has advanced our knowledge of 
sex determination in the lower vertebrates Oka (1931a) discussed 
allclism of the genes for color, andlVinge (1937) reviewed the work on 
sex determination Preliminary studies had been begun by Islilkawa 
(1913), Toyama (1916), and Isliiwara (1917) Goodrich (1927, 1933) 
used the genetic strains of tlie medaka for a study of the development 
of Mcndehan characters 
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The Jojianc'c biologi=lB liaac utilized tiieir Bpccics in a number of 
experiments Kamito (1928) obxened their habits and earlj dciclop- 
ment Ameraij'i and Murajama (1931) pointed out the u®cfu nc=s 
ot the Oryzias eggs for student cmbr^ologicM demonstrations Yama- 
moto (1931a 1939c) in a long senes of nine studic'' de=cnbed the 
rhythmic mo\cmcnt8 within the egg protopla‘«m and in carl> embr>o- 
Ikeda (1934a, 1934b, 1937a, 1937b) studied the chemical constitution 
of Oryzms o\a and the cflcct« of Anriou® agents on their dc^clopmcnt 
The egg membrane was ‘■tudied b> Kamada (1935) and Yamamoto 
(1930, 1939a, 1939b) , and the latter extended his in\ c^tigations (1940) 
to the changes in xolume of the tggs at fertilization IVatcrman 
(19-lOa) repeated some of Yamamoto’s work on the contractile ncliMt) 
of the extra embrjonic cclH Waterman (1939, 1940b) al«o studied 
the effects of colchicine and 2,4-dinitrophcnol on the carlj de\clop 
ment of Oryzms In other experiments with the medaka, Yamamoto 
(1931b) and Matsuura (1934) studied the influence of drugs on the 
heart beat Ono (1927) u«cd ti«suc culture techniques and later 
studied the problem of orientation (1937a) Solbcrg (1938a) applied 
X rajs to their germ cells, and Yamamoto (1938) subjected the fi«h 
to xanations of temperature For purpo«c8 of comparati\e studj, 
information concerning the spawning habits and dc\cIopmcntal stages 
of a related species, Oryzms mclasltgma, i» supplied b> Mookerjec 
and Baeu (1946) 

Bubble Nest Builders 

FigbUngfish and Faradisefish TIic male fightingfidi, Delta, con- 
structs a neat by n«ing to the surface taking a gulp of air, and blow - 
mg it out in a form of a bubble which is «urroundcd bj a mucous 
secretion The fish continues to do this until hundreds of bubbles 
arc formed The bubbles stick to each other, and all cluster about 
a floating plant or in the comer of the tank A"* more bubbles are 
formed and are inserted beneath the ma's, some of them are lifted 
above the surface of the water and form a frothy mound 
Soon upon completion of the nest the male paj s increasing attention 
to the female displaying by spreading its fins and special mov cments 
Eventually the receptive female approaches the nest and assumes a 
somewhat vertical position, and the male cur\ cs his body around hers 
m a semi circular embrace (fig 19) At this moment the eggs are 
shed and at the same time fertilized Embraced, the pair slowly 
sinks toward the bottom of the tank, while the thin stream of eggs 
floats down after them The male breaks away and gathers the 



Fra 19 The Siamese ficlilrasfwli Betta splcndens a bubblo nest bmlilcr, aliown 
m a matinB embrace ailli Ihe bubble mat immediatelj aborc the fidi rcachmR 
3 inches (Photo bj courtesj of the Department of Animal Bi bailor, American 
Mu«cum of IIi«tor> ) 

Tlic Smmc^c fiKlitingfi«li 1ms nmn> color \nnctics and is u^ed in 
ecnctic, pli\ biological, and animal belmMor studies The mo^al mter- 
csling and informatuc account of its ecologj in its nnti\e Siam Is 
gi\cn li\ an c\e witness, Smith (1915) As an c\pcriincntal animal 
for anaUbib of beliaMor, the fightingfi^h one of the best, a^ shown 
h\ the fundamental ^^o^k of Li-smnn (1932) The breeding reactions 
in Betta spkndcns were aho described h> Breder (1934a) and Good- 
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rich and Ta}lor (1931) Ono (1937b) produced conditioned onenta- 
tion in the Uetta, and Koblc (1939) dc«cnl)cd doinmancc l)tha\ior m 
tlic Epccies Noble and Borne (1911) reported the cfTcct of forcbrnin 
legions on ec\ and fiRhling belinMor, t!it rcmo\nl of one lobe did not 
inhibit courtship but \Mth most of the forcbrnin remen e<! nil f=cx 
behnMor ^\as eliminated A ease of ecx rc\cr«al nni described b\ 
S\iird=on and ^\ichboni (1912)» who rcMcwcd otber inetanccs of this 
phenomenon and nNo de«cnbcd the chromosomes in both lietla and 
3/acropodu5 TIic pcnctics of color varieties of the fiphtinKfish was 



Fia W Tie parul(«cf«| Vnmpo/u* opfreulnn* a I u! Me nest biiilclcr from 
China and Formosa read ms 3V indcs (Ploto by Myron Cortlon) 

de-cnbc<l by Umrall, (1939) nn<l Wollbninn (1918) ami germ cell 
ongm and spermatogenesis acre forked out bj Bennington (1930) 
In the smiilaily bclraeing and plijlogcneticalli related paradi»cfi«li 
Mampodm (fig 20) Dalton and Goodricli (1937) studied tlic cliro 
matoplioic reactions in tlic notmal and albino, and Goodncli and 
Dmitb (1937) de-enbed tlic genetics and lii"tologj of tlic pigment cells 
m the tno color rnrictics Tomita (1930) studied tlic reaction of 

of der clopmcnt Seim icr 
U913) rcMcncd his prcMous ivoA on the genetics of M opercutans, 
M concolor, and chinensis 


THapia the Moulhbreeder 

The African mouthbreeder (ntapia ,nacroceph„lp) requires well 
conditioned aquannm water It thrives at 76 to So" F breediag 

rn™ f ^1 “ “ ^ >1 => 

0 ^™ tl ““ "'“'‘‘'‘beecders are heavy 

eaters, the accumulated feces and other debns should he removed 
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regularly, or, better, an efficient filtering mechanism should be installed 
They prefer clear rather than turbid water 
The breeding males and females should be segregated in large stock 
tanks (48 inches long, 24 inches wide, and 12 inches high) About 
seventy-five adults may be kept together without fighting, but two 
or more fish in a smaller aquarium (24 by 12 by 12 inches) often fight 
to the death even when numerous hideouts am furnished 

When fish are about 3 inches long their sex may be distinguished 
The males develop bright yellow opercula In the female the central 
part of the operculum becomes partly transparent and the blood-red 
gills beneath the “window” of the gill cover may be seen as a deep 
red spot Immature, castrated male and castrated female Ttlapia have 
silvery gill covers 

The breeding tank should be about 15 gallons in capacity (24 by 
12 by 12 inches) , filled with conditioned water, and the bottom covered 
v-ith about 3 inches of well-washed gravel (Commercial Grade no 2) 


The tank should have an automatic filter 
When placed together, a pair of mouthbreeders may start their 
breeding activities within 24 hours The male uses his mouth to scoop 
out in the sand a nest area which is about 12 inches in diameter at 
the nm The male is joined in the activity by the female, and when 
this occurs, spawning is not far oft However, propaiations for the 
spawning act may extend from several hours to several days Since 
the actual spawning act may last for only a minute or two, t e 
expenmenter wishing to observe the activity should watch for the 
following types of behavior first, the presence of the nest, second, 
nest-building, particularly on the part of the female, third, extrusion 
of the female genital tube Finally, probably the last prespawnmg 
action occurs ^hen the male and female swim over their nes anc 
rub their extended genital tubes on the substratum T is is ca c 
“nost-pa^smg” and is usually followed by the deposition of the fer- 
tilized eggs (fig 21) 

After each spawning the eggs arc picked up in the mouth of the 
“ale, although occasionallj the female will do the same (In ti c 
fCiptian mouthbreeder, Haphehromts multicolor, it is the fema 
irluch generalK takes over the mouth-incubation duty ) 

louring the first few dajs of oral incubation the mouth of the 
African mouthbreeder is distinctly distended This is Hie sign 
"hich the fish fancier must watch once or twice a da> Bj this ^ 
‘he presence of embrjos may be told even though the actual aP'*''’ ■"!! 
aet "as not observed Five or slx days after the date of spanning, 



nsnrs as LOTKATom ammais 

tl.e number of cgES ma> ™ much tlmt .t ^ 

difflcuU to detect the presence of llic elcccloping cgR-, m tl)C pnrents 

“ Thtc notes uere hmdlj green to me by Dr I ester R rUomon, uho 
tells me that m his Animal BchaMor I nboratorj nt the American 



Fia 21 The African moulhbreeder T«Iap a macroeephafa cIepo«iting its eggs m 
an excavated nest later these eggs are picked up by tl e male in its month and 
there incubated until tl ey batch (PI oto by courte'«y of tl c Department of 
Animal Behavior American Museum of Natural History) 

Museum of Natural History about 60 per cent of the spawnings arc 
ineffectual but those which produce viable young yield a surprisingly 
high number of offspring 

The eggs hatch isithin the parent fish’s mouth and the fry are re- 
lea«ed beti\een the 7th and 20th day (usually the 14th) The danger 
of the parents eating their newly liberated fry may be minimized by 
heavy plantings of Nitella just before the release of the young When 
known ages of the developing embryos are required for experimental 
work, Dr Aronson recommends that the parent be caught with a large 
net on the 8th to the 10th day after oviposition, and the young may be 
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forcibly ejected by scooping the fry out of the parental mouth by 
means of a wire loop. 

The fry, from the moment of their independent existence, are fed 
on the finest grade of powdered food (see Nutrition). As they grow 
older larger particles are given of the dried food and the wet mash, 
too. Live food is always acceptable at every age. 

Tilapia have a great tolerance for common salt. This knowledge 
may be used to advantage in curing fish which have become fungused 
after injury or after surgical operations. They may be placed, until 
recovery is complete, in a solution of 30 grams of rock or evaporated 
sea salt dissolved in 2 gallons of aquarium water. 

Tilapia about 3 to 4 inches long arc especially useful in experimental 
work involving several types of surgical operations. Castration in 
both males and females, forebrain and cerebellar lesions and ablations, 
and partial iicpatcctomy have been performed successfully. Dr. Aron- 
son claims that with a little practice the mortality following these 
operations can be reduced almost to zero. 

Aronson (1945) analyzed tlie influence of the stimuli provided by 
tlio male ciclilid on the spawning frequency of the female and (1948) 
described their reproductive behavior. Aronson and Holz-Tucker 
(1947) studied the effects of hormones on pigmentation. Tavolga and 
NigrclU (1947) described one of this fish’s protozoan parasites, Cosfta. 

‘Undoubtedly cichUds of several different species will become regu- 
larly employed in experimental laboratories. Their elaborate court- 
ship and egg and brood care make them especially interesting to tlic 
bchaviorist. Notable experimental studies on reproductive activities 
in A€qu(i:iens nmeier by Brcrcier (1034b), in Hcmichivfnis by Nobh, 
Kumpf, and Billings (1938) and Noble and Curtis (1939), and in 
Aslatolilapia by Seitz (1940), For a general review of behavior in 
cichlid fishes sec Aronson (1948). For a general account of the rela- 
tionslup of hormones to behavior, see Beach (1948) . 


Livcbcarcrs 

Witljin this group arc the following species widely used as laboratory 
aninuds; tlie plntyfishcs {PlatypoccUus) , the swordtails {Xiphopho- 
nis), the guppy (Lcbisfcs), the mollies (iVoI/icnism), the gambiisias 
(Gnutbwfiio), and several others. All these give birth to living young 
which when born arc capable immcflintcly of fctaling for tliemselvcs. 
At the time of birth they may retain a bit of their embryonic yolk 
.‘‘Cr, but tlib is usu.'illy nb«<irbcd ndthin n few hours, so that an nddi- 
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tional source ol food must be made available to them verj- soon 
these fishes are truly viviparous and not simply ovovuiparous has 
been demonstrated by Turner (1939, 1940a) and Tavolga and Rugh 
(1947), who described the extensi\c extra-embrj onic membranes de- 
veloped by poecihid embryos, and bj Scrimshaw (1945), who showe 
that no dry weight at all was lost by embr> os during the month-long 
period of development inside the mother Materials equal m weight 
to those lost through metabolism must therefore be supplied from 
the mother In Heterandria, Senmshaw (1944a) determined that the 
embryos increased considerably m dry weight during development 
In preparation for the birth of a brood of living young, a single 
gravid mother is allowed an aquarium which is heavily stocked witli 
aquatic plants If plenty of light is available, the most useful plant 
m providing sanctuary for young fishes in aquaria is Nttella, although 
many fanciers prefer the lesser bladderwort, Utncularia minor At 
this time a generous diet, including some live food, is highly desirable 
in order to allay the female’s desire to prey upon the newborn fishes 
Some gravid females, particularly the mollies, are quite sensitive to 
handling Thus, if a pair of fish have been together for purposes of 
breeding, remove the male rather than the female from the mating 
tank 

Platyfishes, swordtails, guppies, and molhes release all their young 
within a relatively short period of possibly several hours In that 
time as many as 80 to 120 fishes may emerge But m a number of 
species of Gombusia and m Heterandna, the mo'quitofish, a few young 
are bom e\ ery day for 3 or 4 days This type of viviparity is super- 
fetalion — a method of partunlion which has been studied m detail 
by Turner (1937, 1940b) and by Senmshaw (1944b, 1945) 

After the >oung are bom, the spent female is removed to another 
aquarium, usually to the container of its mating partner In genetic 
work a given female of a viviparous type is generally never used 
again with a different male, since successive broods can result from 
a single mating, but a single male may be tested with many females 
The joung fish arc fed on finely powdered food A small portion 
of live Daphma is most desirable at this time While the small fish 
will be unable to cat the adult Daphma, they can and do eat the 
newborn water-fleas The large Daphma will continue to produce 
joung crustaceans until the fi^h reach a size which enables them to 
destroj the parent crustaceans Remarkable differences m rate of 
growth and maturity may be noticed between broods of fishes which 
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have been started on Daphnia and those which have had only dried 
food for the first month or two. 

Basic studies of anatomy, including secondary sexual characters in 
viviparous species, were made by Piiillipi (1909) and by Danger 
(1913). A valuable recent species survey was presented by Stoye 
(1947 to 1948) who, in a series of papers, has collected the classifica- 



Fia, 22. The platyfish, Platypoccilus macttlnlvs, a hvobearor from the Rio 
Jnnjap.a, Mc^ico TJic upper plnty is the male with the spottcd-dorsal-fin gene 
(Sd), the stnpe-siilcd gone (Sr), and the comet-taded gene (Co). The lower left 
phty ts a female ^>ith the spot-sided gene (Sp) and the crcsccnt-tnifcci gene (Cc). 
The female on the lower right has the onc-spot gene (0) and the comot-tailcd 
gene (Co ). (Photo by S. C. Dunton, New York Aquarium, New York Zoologi- 
cal Society.) 

tion data on the cyprinodonl fishes and arranged them in their sys- 
tematic order. 

Plat) fishes and S^^ordtails. The pocciliids have been favorite experi- 
mental animals, especially for the geneticists, endocrinologists, and 
investigators studying nonnni and atypical pigmcnt-ccll pliysiologj’ 
and growth. Summaries of the work in the genetics of the platyfish, 
Plnti/pocalus (fig. 22), may be found in Gordon’s (1918a) paper. 
Details may be found in papers by Bellamy (1922 to 1930), by Ko‘-s- 
wig (1927 to 19JS), and by Brcider (1935 to 1942, bibliography in 
193S) and Rust (1911). The genetics of the swonltail, Xip/tophonts 
(fig. 23), jiarallcls that of the platyfish, and similar references may be 
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u=ed for the mo4 part Ho.ve.er, in addition, the papers of Kerngan 

(1934) Breidcr (1938), and Gordon (1937b, 193S, 1946a) should 

The ^ork on the genetics of mehnonns in platjfi'h swordtail 
hjbnds (fig 24) has been re\icued b\ Gordon (1948a), ^Inle the 
histological details aero giscn b} Rccd and Gordon (1931), Gordon 
and Smith (1938a) and Lmnc (1918) From tissue culture tech- 



Fjo 23 Thc«uordtail Xtphophonu helUnt from Ihc Arrojo Zacati«pan Oaxaca 
Mexico The male H above (he female 1 elon This pair repre<eiits tie seventh 
inbred generation of tie vvild strain (Ploto b> S C Dunton New \ork 
Aquarium New \ork ZoologKMl Society ) 


mques Grand Gordon, and Cameron (1941) de=cnbed the dcfimtne 
cells of the fi«h melanoma® Thc«c tumors writes He«ton (1948), are 
of particular interest in that thej appear to offer an approach to the 
study of malignant change and open the waj for the identification 
of the specific genes affecting malignant transformations Gordon 
{1948a) has emphasized that a clearly identified giant pigment cell 
the macromelanophore (fig 25) is probably the cell of ongm of the 
melanoma but the problem is ®tiU under inv e®tigation He«ton sug 
gests that normal macromclanophorcs and their apparent malignant 
cell counterparts m melanomas offer the cytologiet an excellent oppor- 
tunity for a comparative study of the stages in the transformation 
of normal to atypical cell growth Gordon (1947c) has recently mdi 
cated that certain macromclanophorcs of Xiphophonui montezumae 
may be transformed m hybnds of A. montezumae and \ hellem The 
resulting tumors usually origmate on tiie po«tenor part of the caudal 






rw. 21. Mehnomas in li>br«i3 of the plat>fish and the swordtail. Tlio upper 
fi«»h has ft meliinoma at the base of the gonopodmm and at the tail fm The 
one l)clo^7 had one flt the base of the tad nhich was amputated; the fin has 
rcKcnemtcd and bo has the mohnoma The lowermost one has n melanoma at 
the ba«o of the caudal peduncle These three fish are siblings, and the tumors 
on the muUonlnd line dc%clop m re«pon’^ to the spotted-belly gone (Sb) of 
the plitjfish. (Photo by S C. Dunfon, ICcw Vork Aquanum, Now York 
ZooloRiral Society.) 

Gorilon (1950) hns pointed out the importance of tlic spntinl rcla- 
tiondiip of geiici, or linkage, in the production of a new pigmented 
tumor, an crjdliromcianoma in platyfi«h-swordtail hybrids. 

Tlic early cmliryologj- of the platyfisli was dc'crihcd by Hopper 
(1913i nnd in greater detaii by Tnvolga nnd Hugli (1917) and Tavolga 
(1919), Tlic cliromo^omcs and chromosome numbers of tlic xiplio- 
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pliorm fi-tir- v^crc ilc-cr.l«l nn.l foiinlcl liv OpM.n Mii ^ 

(10321, IliWon 110311, 1 ncilmm nml Gpr.lon (I'llll, nnil IMir I'. 
WicUoni (1011, loni Thtre arc Iwcntv-tour pur-, cxrcpl in . 
tannins, nincli 1ms tatnlj-hrc llic nuiniKr in -Y pl/(7rnnfi/« I' «n- 
knoiin Wolf <10311 iiotkoil oul tlic lii«U)rj of tlic pnn-ccll onpn 
A ili-cussion of ‘tx chrninosomos in tins „n(l otl.cr Rrovips nns jirc- 
scnlcil by Siirilson (IDTi) llclmtior ftnillcs iiitli plst>n>1i nnil 
siiorJlalls acre nnik by ^•oblc (1038, 1939), Noble and Home (1910), 



Fio 25 Small bhek picmctitc*! c^ll« tihcn tlic> opprar in n bjlirul f»‘h l>ch"« 
in a normal manner and ll'<* fi*1i w not «li«ca#rsl UarR'' blark pemented rrll* 
nlicn tlicy appear in a hybrid fidi crow out of l»oiintU mil p\rntuvll) produee 
a Mack tymof (I torn Mjron Conlon 1010) 


Draddock (1945), Gordon (1917b), nnd Clark, Aronson, nnd Gortlon 
(1948). The dc\clopnicnt of Fccondnry eex character* in A’ip)i 07 > 5 oni« 
\Yas described by Van Oordt (1925) and n'ernborj; (1923) Gonlon 
and Benzer (1945) and Gonlon nnd Ro«cn (in prc's'*) ha\c presented 
the history of our knowledge of the doNcloinncnt nnd trnnsfonnation 
of the sexually modifiable nnnl fin into tbc male’s gonopodium The 
ellecta of honnoncs on these species were studictl by Itcgnicr (1938), 
Grohstcin (1940, 1942a, J942b, 1947), Baldwin and Golilm (1939, 
1941), Baldwin and U (1942), Cohen (1916), nnd TnNolga (1948) 
Grobstem (1948) recently studied the efTccts of extremely low do^cs 
of hormones on fishes by using well-noratcd distilled water 25 per cent 
of which was made up of amphibian Ringer’s solution (w ithout bicar- 
bonates) The water was changed c\ery 48 hours to n\oid contami- 
nation because of the buffenng action of conditioned water For 
summaries of the work in the field of sex difTcrcntiation, see Bailey 
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(1933) and Regnier (1938) Studies on the longevity of the sperm 
■were made by Van Oordt (1928) Sex reversals were described by 
Essenberg (1926) and Gordon (1947a) 

The structure and chemistry of pigment cells of swordtails, chiefly 
of domesticated strains (vhich may be influenced by platyfish genes), 
were carefully studied by Breider and Seeligcr (1938) and by Good- 
rich, Hill, and Avnck (1941) Baker and Ferguson (1942) developed 
methods of rearing platyfish free from bacteria and other organisms 
(axenically) This should open up a senes of experiments where the 
bacteria-frec animals are required Crozier and Wolf (1939) showed 
in a senes of papers that these species and others can be tested for 
their visual acuity by their responses to flicker 

GENETIC METHOD OF DETERMINING THE SEX OF NEWBORN PLATYFISH 

Poultrymen have used their knowledge of sex-lmked inheritance in 
cliickcns to advantage in determining the sex of newborn chicks The 
barring of the barred Plymouth rock is dominant to non-bamng and 
IS sex linked When a Rhode Island red male is mated to a barred 
Plymouth rock female, the chicks at hatching time can be separated 
according to sex by their coloration The male chicks have down 
feathers which are black except foi a nhite spot on the head, and their 
beaks and legs are yellov, The down feathers of female chicks are 
solid black, and their beaks and shanks arc very dark or almost black 
Poultrjmen haxe sex oral sex-linkcd genes (sometimes called auto- 
sexing genes) which they employ to aid them m determining the sex 
of chicks This knowledge is used in a piactical way, for producers 
of broilers may purclnsc and raise the cockerel chicks, while egg 
producers may take the pulJct cbieks 
In expenmcntal work with fishes, particularly in the field of endo- 
crinology, it becomes cxtrcraclj important to know definitely the sex 
of newborn fishes In joung platj fishes, swordtails, and guppies there 
are no reliable entena for sex recognition by external features [In 
Gambusia, Turner (1942a) uses carlj dimorphic features m the pec- 
toral fins] In the platj fishes the of scx-linkcd genes makes it 
possible for tlic biologist to separate the sexes at the time of birth 
Tins technique has been cmplojcd by Gordon, Cohen, and Nigrclli 
(1943), bj Cohen (19400, and bj M C Taxolga (1949) , sec figure 26 
The two opposing genetic mechanisms for sex detcmiination haxc 
both been described in the platj fish (figs 27, 28) The wild-caught 
stocks ha\e the male hctcrogninetic txpe (Gordon, 191Gb, 1947a), 
while m domolicntcd stocks the females arc lictcrognmctic (Gordon, 
1927, 1937n) Bj a senes of matings between wild and domesticated 
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individuals a special stock was developed by Gordon (1946b) in which 

the gene for hcav> spotting (Sp) was carried bj the Y-chromosomc 

m mate, indicated as follows (X) +/(Y)Sp When this type of male 

was mated to the females of the wild stocks who=c gcnotie constitution 

was recessive (X)+/(X)+, their male offspring were heavilj 

like their fathers, (X)+/(Y)Sp, while the female offspring, like their 

Platypoecilm maciilatiis 




X+Yyp ^ 

Black-spotted 


Daughters 



Daughters Sons 



Fio 20 Fatler to son sex Imkcd inheritance A strain (180) of P maculatus 
has l»cen de\ eloped m which the dominant blaek-«potted gene (Sp) is earned 
on the \-clromo«ome WTicn spoUiMl males arc mated to reccsfike females 
the spotted pattern is transmitted legnlariy from father to son The spotted 
fi«h maj be recognized on the tla> of birth and so the brood may be accurately 
sexed early for endoerme and other studies 
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Platjpoealsts t r u u ul a ba 

"Etomcstiated" 




Fia 27 So\-lmked mhcnt'\ncc m domesticated plaUfish This chart shows the 
brmhns behavior of a rod, black-spotted female when mated to a double rcces- 
me, gold-colored male (i/joan on lop tow) Criss-cross inheritance was evi- 
dent 41 sons were red and black spotted, while 43 females were golden There 
was 1 eaccplional female whicli was red and black spotted Tins exceptional 
female (sliouii to the lejt on row tkne), when mated to a golden male, produced 
15 daughters colored like herself and 17 golden sons with 1 exceptional red, 
black-spotted son The (ZJr sp/(ll )R f>p stock Ins been continued This stock 
exhibits mother to daughter inhcnlance with an occasional exception (Tigure 
and explanation from Trascr and Gordon, 1929) 



Platypoealul macaUlus 



Platypoeahts maculaim 



Tro 29 One hundred per cent maJes m platyfisb crosses TJojsexed broods may be produced by crossing a platyfish female 
from the “’Rild” etram with a male from the “domesticated” stock The genetic constitution of the male may be written more 
comemently (Y)Sp/(Y)S6, because the Z- and Y-chromosomes are apparently homologous (Prom Myron Gordon, 1946b) 
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mothers hcked the ‘^potting (X)+/(X)+ Thus ’^hen the a=h ^\e^e 
born tho«e that were black epotted could be recognized b> their mark- 
ings as males and tho«c that were unspotted vs ere females In eight 
generations of brother to si‘:ter matings m this stock, onlj one excep- 
tional individual appeared This was le^s than one might expect 
According to Fra«or and Gordon (1929), crossing over of the sex 
chromosomes ha*! been recorded as occurring at the rate of 1 per cent 
In studies of the influence of genetic factors on the normal and 
atypical growth of pigmented cclh the various stock** containing the 
sex linked genes arc particularlj valuable For example, one may 
demonstrate that in <=ome matings the gene for the macromelanophores 
the large pigment cells, is transmitted from father to «on (fig 26) 
In other matings the same gene may be transmitted from mother to 
daughter (fig 27) In «till another mating the gene may be trans- 
mitted in cri«s cro«s fashion (fig 28) from a mother to her sons or 
from a father to his daughters By the ii«c of homozy gous stocks the 
gene may be transmitted from a mother to botli her sons and daughters 
or from the father to both his sons and daughters By the u«e of 
heterozygous stocks the gene may be tran«mittcd from the mother 
to half of her sons and to half of her daughters or from the father 
to half of his «ons and to half of his daughters When a “wild” 
female platyfi«h rcce«sivc for two «ex-linkcd genes, (X)+/(X)-l-, is 
mated with a “domesticated” male dominant, (Z)Sp/(Z)S6, the off- 
spring w ill all be males, figure 29 

Guppy A general di«cu«**ion of the variability and behavior of 
Lebistes rettculatxis the guppy (fig 30), was prc'-ented by Fracer- 
Brunner (1946) Tlie ba«ic work on the genetic mechani®m for sex 
detcrniinalion w as done by Wingc (1922 to 1938) , and he and Ditlev «en 
(1947) reviewed the status of the genetics of this •species Haskins and 
Haskins (1048) described the interaclion of the albino gene with other 
color factors in the guppy Earlier work w as done by Schmidt (1919) , 
Blacher (1928) , Kirpichmkov (1935), and Haskins and Druzba (1938) 
inge and Ditlev «en (1938) studied a lethal gene in the Y-chromosome 
of the guppy Svard«on (1944) discus'cd polygenic inheritance 
Goodrich, Deo, Flynn, and Mercer (1934) related the development 
of germ cells and sexual differentiations and Goodrich Jo ephson, 
Trinkaus and Slate (1944) related the cellular expressions of various 
pigment cells m response to two autosomal genes M mge (1922a) and 
Inki (1932) found thirty six diploid chrorao omes Gmsburg (1929) 
dc'-enbed the ongin of the pigment celU 
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Breder and Coates (1032) and Purser (1937, 193S) studied repro- 
duction in tile guppy. Dildinc (1936a, 1936b) studied its einbrj'ology 
and tlio effect of liglit and temperature on t!ic gonadal development. 
Vaupel (1929) dc.'cribed the spennatogenie process. Its follicular colls 
were studied by Nicbita (1928), and related studies wore made by 
Tuchmann (19301 on Die effects ot the hypophysis on morphogenesis. 



Pio 30 The guppy, Lebistes relicvhtus, a liiohrariag cypnnodont from north- 
ern South America and some islands of the Lesser Antilles The males are to 
the Icit and show the spotted dorsal fin carrying tlic maculattis gone (Ufa) ; the 
lower Jobe of the tail is prolonged into a snord The uppermost female aa the 
right 13 an albino; the middle female is a wild type; and the lowermost one is 
a golden. (Composite photo by S C Dimton. New York Aquarium, New Y'ork 
Zoological Society ) 

Sexual dimorphism and its development were described by Blacher 
(1926) and Gallicn (1946a, 19461i). In the 6eld of endocrinology 
Lebistes has been used in studying tlie effect of synthetic steroids by 
Bevkowitz (1937, 1941), Eversole (1939, 1940), SvSrdson (1943), and 
Scott (1944). Sainokhvalova (1933, 1935) correlated the effects of 
x-ray dosage upon the gonadal structure and secondary characters 
Gallicn (1946a) , employing endocrinological methods, used very dilute 
doses of androgens on immature Lebistes as an aid in sc.v determination. 
Under his treatment the very young males n-ere recognized by their 
color patterns 

Hooker (1932) showed that this species may be used for studies 
of spinal cord regeneration, and Mookerjee, Mitra, and Alazumdar 
(1910) used it for their analysis of tlic development ot the vertebral 
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mothers licked the ^polling (\)+/(X)+ Tlun ixlicn the fish ivcrc 
born those that were black epotttil could be recognized by their mark- 
ings a« males and tlio^c that were unspotted uerc females In eight 
generations of brother to si«ttr matings in this stock, only one excep- 
tional mclmdual appeared This was lc«s than one might expect 
According to Fra'cr and Gordon (1929), crossing oier of tiic sex 
chromosomes lias been recorded as occurring at the rate of 1 per cent 
In studies of the influence of genetic factors on the normal and 
atypical growth of pigmented cells, the \ariou3 stocks containing the 
sox-lmked genes arc particularlj xahiablc For example, one may 
demonstrate that m some matings the gene for the macromclanophorcs, 
the large pigment cells, is transmitted from father to son (fig 26) 
In other matings, the same gene may V>c transmitted from mother to 
daughter (fig 27) In still another mating the gene ma> be trans- 
mitted in cn«8-cro«s f.a'hion (fig 28) from a mother to licr sons or 
from a father to lus daughters B> the u<c of homnzjgous stocks the 
gene may be transmitted from a mother to botli her sons and daughters 
or from the father to both his sons and daughters Bj the use of 
heterozygous stocks the gene may be transmitted from the mother 
to half of her sons and to half of her daughters, or from the father 
to half of his sons and to half of Ins <hughtcrs When a “wild” 
female platyfish rece«suc for two sex-hnked genes, (X)+/(X) + , is 
mated with a “domesticated” male dominant, (Z)Sp/(Z)Sh, the off- 
spring will all be males, figure 29 

Guppy. A general discussion of the variability and bchaMor of 
Lebistes reticulatus, the guppy (fig 30), was presented by Frascr- 
Brunner (194G) The basic work on the genetic mechanism for sex 
determination w as done by Wingc (1922 to 1938) , and he and Ditlex sen 
(1947) reviewed the status of the genetics of this species Haskins and 
Haskins (1948) described the interaction of the albino gene wnth other 
color factors in the guppy Earlier work was done by Schmidt (1919), 
Blacher (1928),Kirpiclmikov (1935), and Haskins and Druzba (1938) 
Wmge and Ditlc\ sen (1938) ““tudied a lethal gene m the Y-chroinosorac 
of the guppy Svardson (1944) discussed polygenic inheritance 
Goodrich, Dee, Flynn, and Mercer (1934) related the de%elopment 
of germ cells and sexual differentiation*:, and Goodnch, Jo=ephson, 
Trinkaus, and Slate (1944) related the cellular expressions of xarious 
pigment cells m response to two autosomal genes Wmge (1922a) and 
Inki (1932) found thirty-six diploid chromo=oraes Ginsburg (1929) 
dc'cnbed the origin of the pigment cells 
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Bredcr and Coates (1932) and Puiscr (1937, 1938) studied repro- 
duction in the guppy. DiUlinc (1936a, 1936b) studied its embryology 
and the effect of light and temperature on the gonadal development. 
Vaupcl (1929) dcsciibcd the speimatogcnic process. Its follicular cells 
ucre studied by Nichita (192S), and related studies ucrc made by 
Tuchmann (193G) on tlie effects of tlic hypophysis on morphogenesis. 



Fio 30 The guppy, Lehistcs reltculaius, a hxobcanrig cjpnnodont from north- 
ern South America and some islands of the Lesser Antilles The males arc to 
the left and show the spotted dorsal fin canying the inacvlatits gene (il/n) , the 
lower lobe of the tail is prolonged into a sword The uppermost female on the 
right 13 an albino, the middle female is a wild tjpe; and the lowermost one is 
a golden (Composite photo by S C Dunton, New York Aquanum, New York 
Zoological Society) 

Sexual dimorphism and its development nere described by Blacher 
(1926) and Gallien (1946a, 1946b) In the field of endocrinology 
J^ebistes has been used in studying the effect of synthetic steroids by 
Berkowitz (1937, 1941), Eversole (1939, 1940), Svardson (1943), and 
Scott (1944). Samokhvalova (1933, 1935) correlated the effects of 
x-ray dosage upon the gonadal structure and secondary characters. 
Gallien (194Ga), employing endocrinological methods, used very dilute 
doses of androgens on immature Lebistes as an aid in sex determination 
Under his treatment the very young males were recognized by their 
color patterns. 

Hooker (1932) showed that this species may be used for studies 
of spinal cord regeneration, and Mookerjee, Ivlitra, and Mazumdar 
(1910) used it for their analysis of the development of the vertebral 
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column nith Epccml reference to the centrum, notocl.onl, licmnl nrcli, 
ribs, and caudal skeleton The effects of the thjmid hormone on the 
eronth rate, time of sexual differentiation, and oxagen con-umptlon 
in Lebtslcs ncre studied In Smith nnd Cacrett (1913) Oh-eraations 
and experimental studies on hchnaior and sex recognition aaere iiiade 
by Breder and Coates (103ol, Bredcr (1011), Fra=cr-Dninner (lOtO), 
and Breder and noemhild (1917) Zatil (1933) perfonned a successful 



Fio 31 The black mollio the tnclanL<tic i>ba«c of Ifofhcnvnrt tphenop* from 
Loui*iana and inland streams through Mcwco Thii color ^ anct j i« a cultiv ated 
production Tlie plant m the figurt is Chnra but )u?t in front of the fish » 
«nout IS a epng of the btge bladdcrworth l/fnculana (Photo by M>Ton 
Cordon ) 

Caesarean operation on a graMd female guppj Chambers anti nar\c> 
(1931) showed that ultra«onic Tva\cs produced bj the piezoclcctnc 
oscillator induced pathological changes m the tissues of the gupp> 
Mollies Se^eraI ilfolficmsia species ha^e featured promincntlj in 
studies de\ oted to the ana1> sis of apparent parthenogenesis in fishes 
Hubbs and Hubbs (1932) found that when ilf sphenops was outcrossed 
to M laltpinna the hybrids rc«cmblcd the species pre\ louslj known as 
M formosa Female hjbnds (M formosa) mated to males of either 
parental species, or to male Lebistei, iitmia, or Gambiisia, produced 
female offspring onlj, all of which were similar to their mother, none 
were intermediates Mejer (1938) bclle^ed that the chromosomes of 
the male entered the egg at fertilization but were later inacti\ated 
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Zt. 'rB^dotjr? (PLoto b,- S. C. Du».o„ Now Yo* Acuarlu., New 
York Zoological faociety.) 
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nsIIE^ \bLABOnATOn^ amm\ls 
The common ntunruim tpccioc of inolliw nml tlicir hjhntls i\cre de- 
scribed b> Ilubbs (1933> Gordon (1913n) indicated tint the albino 
ctrain is rccc«'i\c to the noniinl M sphenops nml that vhen a black 
molhc (fig 31) IS mated to a normal one thc> produce spotted inter- 
mediates The efitets of x-ra\s on the dc\clopinciit of secondary' 
■=c\ual chaructcr '5 were studied b> Cmntntngs (1913a, 1913b) Scrim- 
shaw (191G) incaeurcd the «\anan cgg« Migrelh and liredcr (1935) 
described a specimen that b\cd for three months with a prolipscd 
and occluded gut Jl/o/bcnisin Inliptnna are shown in figures 32 and 33 
Breidcr (193aa, 1935b and 1039) has made a thorough studj of the 
geographical diatnhution sex determination, hjhruhzation cfTccts, and 
general cNolution of the related spociea, Lunm nigrofa’inata, L cauilo- 
fasaata and L uttata 

Dixie Mosqmtofish The Dixie mo«quilofi'h (Gnjabiwia affuns ajfmi’f 
and G ajfmts holbrookii) arc not gencralh cultivated l>\ aquansts ow- 
ing to their cannibalistic habits llowcxcr, Dr C P Haskins m his 
broad cvolutionarj and genetic work with tlic Poccilnm lias succeeded 
m breeding and rearing them in numbers bv tiic u=c of large containers 
and dense masses of /ficcm This plant provides cover m wlncli the 
young hide from their cxtrcmclv voracious parents Owing to their 
pugnacity, Gnmbuaia sliould not be placed witli other cjpnnodonta or 
with aquarium fi«hcs m general 

These viviparous specie®, native of our «milhca«tem and south cen- 
tral states have been mtroducc<l into inanj foreign countries ns aids 
m the campaign to control mosquito larvae Gombusia’s small size, 
hardiness great reproductive abilities, and voncitj have made them 
exceptionallj useful in dcstrojmg the potential insect vectors of ma- 
laria and yellow fever organisms An carlj studj of their habits and 
anatomy w as presented by Kuntz (1914) Hildebrand (1917) observed 
that a female Gambusia ate 105 mosquito larvae in 12 hours, and Self 
(1940) discussed the reproductive ejele and habits of the species m 
relation to mo«quito control In this country, too, Gambiista have 
been planted for mosquito control in the fairly northern latitudes of 
Chicago and the Great Lakes (see Krumholz, 194Sa 194Sb) Thc> 
may be collected during the summer months m great numbers for 
experimental work In Italy, where thc> have been introduced thc> 
have become useful as laboratory animals m the hands of Dulzetto 
(1931 1932 1933) Leopon (1941 1942), Artom (1924) and other 
Italian biologists 

The reproductive habits of Gambusio were described by Seal (1911), 
and the oiarian egg size by Senmshaw (1946) A detailed account 



LABORATORY TISHES NOT BRED IN AQUARIA 410 

ot the organography of the closely lelated Gambiisia patruelis iias 

an en bv Potter and Medlm (1935) 

Bamly and Anson (1921) and Gciscr (1924) studied *<= 

m nature Turner (1941a 1941b) demonstrated morphotogical cl Jge^ 

in the normal and regenerating anal fin of the ma e , j. 

effects of testosterone on the development of “f ’ 
in females (1941c, 1942a, 1942b 1942c) Castration and hormone 
in lemaitb . j Am^nt n941) The work of Sumner 

treatments were made by St Amant fnr an 

(1943) and liis associates on Gambiista slionld be , . „ 

introduction to the expeiimcntal study ot protective 
fishes, but on tins subject the suggestive papei ot Breder (19 ) 

also be read 

LABORATORY FISHES NOT BRED IN AQUARIA 

Many important contributions to biology and medicine '’“ve been 
made by research woikcis using fi«hes winch are n\ai a e rom t 

state, and priiato hatcheries and farms Otlier hinds of 
collected when needed from their natural habitats The ^ 

propagated species are the salmons, graylings, trouts, n ii t s i , 
basses Those collected from the mid include, among many other , 
the marine hillifishes, the sticUcbaeks the bitterbng, the 
electric eel, and the lungfislies Methods for rearing inarme fishes m 
the laboratory are guen by McHugh and nlkcr (1948) 

Wyhe (1948) has desciibed the opening, the facilities, 
sibilitics of the Lcmcr Mai, no Laboratoo of the American Muse nn 
of Natural Ilistorv at the subtropic island of Bimini m 
West Indies Aquaria mth running a atoms ac 11 ns largo one 
areas for big fishes and sharks a ill make it possible ai hin the near 

f * A 11 to the of “Inborntoo ii^lics Many 

future to add man> species to lui. “ ^ y* 

i t i o^Tifliirtcd in the fi«hcs’ natnc cnMronmcnt 

Muro^hraork m M -s done a.th trout It aas 
begun at the Connecticut StatcIIntctencs and Cornell bnn crsitj and 

I Ilf fUo Cortland, New Aork, hatchon, of the U b 

being continued at Inc ^^oriiuuu, a. . 

Iish and Itildhtc PcrMCC in cooperation aith the Nca York State 
H part ner of 

in !hc 7n.,«oet.ons o/ the Amencan Micncs .Socicfy, in the Progre- 
sue I ish CuUunsU, end m the official slate and federal bulletins (see 

^Tn’unhnoloio Unkin (1039) used the trout, Pclhict (1911) and 
liaitlc Tmi) n-ed tlu - dmon, and I’r.ee (1031 to 1930) ii-ed the 
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«lntcn=h The cla«ical cmbr>ologici! ‘:tu(l\ of a tc!c(v-t v.as d^c 
on the «ea ba«s (Serraruis) b> A\il'On (1891) Reiphard (1890, 190G) 
has al'o contributed dctadwi embrjological ftudie« of the r^nU-cNcd 
pike and the fre-h-water black ba«9 The 6ccondar> sexual characters 
m the salmon Mere studied b> Tebem i\m (1913) Mho«e bildiopraphx 
13 extensue Back (1932) studied the rocscnchjmal cells of the eal- 
raon b> means of ti'«ue cultures 

Ilc=earch on bioclcctricitv, nerxe ph>siolog>, and enzymatic agents 
such as chohnc'tcraec has been performed In a team coinpo‘'C<l in 
part, of an aquari«t a phjMologiat, and a plijsicist, C Coato, 
D lsachman«ohn, and U T Cox, nho u=cd the South American 
electric eel, Electrophone, see Cox C^atc*, and Brov\n (194G) and 
Nachinan«ohn (1940) llclls (1935a 1935b) and Sumner and l\cll'‘ 
(1935) u«cd the Pacific kdiifnh Fundulus parvipinnix, for studies in 
respiratory mclaboli'm The lungfi'hes ha\c aided re«carch worker- 
in elucidating metabolism and kidney function («tc 11 M Smith 
(1930)1 

\\hile mo«t sticklebacks and their eggs are collected from the 
wild for study, some ha\c been bred in aquana Thc% arc good 
expenrnenta! animals m work dealing vntli the subjects of evolution 
(secHeuts (1947)1 and embryology and animal behavior (see under 
(1930), Craig-Bennett (1931), Leincr (1934), Tinbergen and Van 
lersel (1947)] 

The bitterlmg Rkodeus amaru9 (fig 34), has been u®ed as a tc«l 
animal m assaying gonadotropins m human pregnancy unne by 
Kleiner, lleisman, Mishkind, and Coates (1930), llei«znan and Roth- 
burd (1938), and Kleiner (1940) A related form the European 
eintze, Phoxinua laeins (fig 35), has been imported into the United 
States for somewhat eiimlar purposes, and Astwood and Gcschicktcr 
(1936) used this species in testing for the presence of pituitary' hor- 
mone in the blood of a patient suffering with a melanoma 

Methods lor tagging small fishes are given by Hasler and Faber 
(1941) 

The Atlantic coastal killifish {Fundulus heterochius) , an egg lay ing 
cy pnnodont, has probably been used by more Amencan experimental 
zoologists than any other species of fi«h This is due, mo-t likely , to 
Its great abundance, convenient size, and availability, particularly at 
the manne biological laboratoncs, and especially at Moods Hole, 
Mass Fundulus heterochius is not usually bred m the aquarium for 
the purpose of maintaining the stock, but npe adults are caught from 
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Tia. 34. The bitlerlme, Rhodcm amartts, female showing ^ 

ables It to deposit its eggs in the jn-«e of a „ York Aquarium. 

test for presence of gonadotropins vrnoiou> 

New York Zoological Society ) 

manipulation. On the other hand. F. maiaKs is delioa^te and 

will not stand up as well under aquarmm conditions. One bioloEist 
using kilhfish in testing the potency o a drug complained b. erly 
that his Fundulus were unreliable, for ho was getting just about as 
many deaths among the control fish as the group being given «ie drug. 
One glance at his stock revealed that he was using two species, both 
of which he obtained in the same traps in a tide pool. The diserepan- 
elcs in his experiments ceased after he was instructed to differentiate 
the species and eliminate F. majalis from Ills tests. 

Tim renroductive bclinvior and secondary sexual characters of A. 
hcterocUlus were observed by Newman (1907). Armstrong (1936) 
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(lc=cril)ctl t!ic mechanisin'* of the Intchinp of tlic fpp“ Xichob'* (192/ 1 


dc'criDcd liic mccnanisin'* oi inc ..f 

choked lion cvrcninrntal incthml- ma\ he nppln'l to the ftutl 
dc\cloping rmbno-* Opptnliimicr (1017) ihhnt dul the nnninl t e- 
^clopmcntal igos of the cpg** mwl m a ‘tni- of papery <Wn in 
(IhSCv) I'.ohtcdhhstndtnn-* tinscb), transplant ilion flOind, locnli- 
zation In another paper (103Ghl ••he pre-ented a histoncal intro- 
duction to the -=lud\ of teleo't deNclopiiHiit Inter (1U17), fIic rc- 



Mcned the subject of organization in the tcleost liln'^todcrm The 
effects of external agents on «lc\ eloping riintliilwi embrj os were gtu<IitU 
b> Stochard (1907 1921) and llinrieh<» (192 j 193S) b> means of 
radiation and in the formation of inomtcrs Solbcrg (193Sc) studied 
the elTects of x rajs on the embrj 

Child (1941) "uramanzes his xicws on gradients in de\ eloping em- 
bryos lijTnan (1921) indicated a sccondarj metabolic gradient in 
the posterior region Gabncl (1944) dteenhed the critical effects of 
temperature on joung embrjo'* on the dcfinitnc number of lertcbrac 
m the adults Gordon and Benzer (1943) related Gabriels conclu- 
sions to those of Hjman’** pointing out that tliere appears to be a 
critical del elopmcnlal stage at nhicli the number of icrtebrac is 
probably determined Hoadlej, m two papers (1928a, 192Sb) , studied 
the potencies and Msco«ity changes in embrjos, in deiclopmg egg®, 
and Cogbill (1934) wras concerned with mjogeme actuitj Richards 
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(1917) studied the eluomosome actn.ty m Fundulus, 

Potter (1935) developed the mitotic index determination, this study 
uas followed up by Jones (1939) Localization in tlie developing 
uas loiiouLu up y 119121 regulation by Nicholas and 

kilhfish uas studied by Lems (Ul-!), p, (igio) Pick- 

Onuenhcimcr (1942), oxjgcn consumption by Philips (191 ) 
tad anrSinpson (194\) studied the elteets of mammalian growth 

the effects of androgens (1942) witli Fun- 

IVork in regeneration, transplantation, and tissue 
Mu. was done by Stone (1940) and Alexander (19^2 'Vi h the jes^ 
Mattheus (1933) with optic nerves '^‘'''-fin regenera ^ j 

by Birnio (1934) Bobkin and Bowie (1928) deser bed the digestive 
system and funcUon Abramowitz and Fevold 

tLlmn by use of anterior pituitary extract Brmley and Je^ 

(1939) described some of the antagonisms m regenerat.on^^^^^^ 
The ectodermal cells of Pundtdus were s udied s aftest 

methods by Dederer (1921) Warmke (1944) ^ 

animals to estimate the potencies of the marijuana content of various 

genetic stiains of hemp plants -Pm-VoT- nods'! 

For additional references to tins Morg!n1l927) ta 

especially tor pigment-cell physiology, and see Morgan (1927) 

w ork on experimental embryology 

diseases 

T r 1 .1 nf the causes of diseases and death in captite 

fre^i-^ata Lref:: the Kew York Aquarium, Nigrelh (1943, dis- 
cusses the follo\Mng 

I Diseases of the skin and gills 

1 Mycobacterium (tuberculosis) 

2 Bacillus columans 

3 Saprolcgma (fun^s) 

4 Ichthyophtliiru^ (cihatc) 

5 Chddon (cihatc) 
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6 Cyclochaela (ohatc) 

7 CosUa (flagellate) 

8 Myxosjiondia (cmtlo-porodial) 

9 Lymjihocystw 

10 Gyrodactylus (trematode) 

II Di=ca«cs of internal organa 

11 Gordius ^\orms m sinu'* \cno«u3 

12 Strigeid v.orm«! m kulncx, h\tr, gonad 

13 Kematodc norms m pericardium 

III Ncopla«tic di«ea«c3 and inan> degeneratne di^caocs of the 
o\ar>, kidncj, Incr, gall bladder, bone, cardio%a«cular sjstcm, 
etc 

For information on neoplasms in fi'-lics see Scljmc> (1911), Thomas 
(1931), Takaha«hi (1934), Nigrclli (1938), and Schhimbcrgcr and 
Lucke (1948) For a re\ icn of melanomas in fi«ho8 see Gordon (1948) 
Breed, Murraj, and Hitchens (1948) rc\iencd the bactcnnl di“ca«C8 
of fi'hcs 

The incidence of dieca«e ma> be minimized b> preventing crond- 
ing, avoiding rapid temperature changes, «ceing that there arc no 
metals m contact nith aquanum natcr, and using onl> conditioned 
natcr, especially free of chlorine A balanced diet containing live food 
IS e««cntial, but unclean tubificid x\onn« should not be fed 
Common rock «alt is gcncrall> the bc®t medicine for extcmall> 
parasitized fi«h Tlurt> grams of rock or evaporated sea salt (avoid 
table salt) di«8ol\ed in 2 gallons of aquanum water is a standard 
remedy Keep the fi«h m the solution until the> show signs of di— 
tress, then remove to frc«h conditioned aquanum water Repeat 
treatment if neceeoarj A Icaspoonful of salt ma> occasionallj be 
added to a 5 gallon tank in operation, but avoid the accumulative 
effects of constant additions of salt 
Formaldeh> de, acetic acid sulfa dnigs, and other substances have 
been used by fi«h pathologists but their ongmal w ork must be con- 
sulted [see Davis (1937), Fi«h (1947), \\olf (1935), and the standard 
works on fi«h di«ea«e« Holer (1904), Plchn (1924), and Scliaperclaus 
(1941)1 

Mention has previously been made of the work of Baker and Fer- 
guson (1942), who reared platyfi^h under axenic conditions and who 
sugge«ted that the«e fieh be inoculated with specific pathogens for the 
purpose of studjmg their unique effects Axemc fieh would be ueeful 
abo in the study of the effects of intestinal bacteria on the utilization 
of specific foods 
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SOURCES OF SUPPLY 

In Its many years of operation, the Non York Aquarium has had 
occasion to test a nide \aricty of materials, aquaria and aquarium 
devices Prom this experience a fen fundamental pieces of equipiMnt 
and material have emerged nhich meet its rigid specifications The 
New York Aquarium docs not claim that the limited numbers of 
items listed below are the only satisfactory ones of their type, nor 
does It necessarily endorse or recommend all the products of com- 
panies mentioned m this section It is also entirely possible that 
companies other than those listed here manufacture equally satis- 
factory products , , , . , 

Small aquaria, up to 48 inch size may bo obtained m quantity 

from the Metal Frame Aquarium Company, Pine Brook, Is J Frames 

for larger aquaria requiring special types of construction and made 
up of angle iron may be obtained from the Pan-Anierican Iron Works, 
447-553 East 120 Street, New York 35, N Y To lighten the tre- 
mendous weight of icry large aquaria, C W Coates of the New York 
Aquarium has designed one of heavy angle iron and panel boards, 
replacing the usual concrete box-hke type Atz ( a) escri e 
the advantages of this newer type of construction The boards are 
called Diestocks (Benaloid or Benahtc) and are manufactured by 
Masonite Corporation, 630 Fifth Avenue, New York 20 N Y Plate 
glass may be obtained from either the Pittsburgh Plate Com- 

pany, 30 Rockefeller Phza, New York 20, N Y , or the Libbey-Owens 
Ford Glass Company, Toledo 3, Ohio 

Cements for making concrete tanks or lining wooden ones suitable 
for aquarium purposes without extensive and time consuming cur- 
ing” delays are desirable The New York Aquarium uses Medusa 
It aterproof Cement and Saylor Cement, which are available through- 

out the United States , , . , , 

Aquarium cement must be tough, flexible, and non-toxic A high 
grade is manufactured by J W Fiske Iron Works 78 Park Place, 
New York 7 N Y Like all aquarium cements, it must be thor- 
oughly hand-worked and hand mixed with whiting to the proper con- 
sit^tcncy just before using 

Non metallic, chomicallj inert water conducting apparatus is essen- 
tial in a closed circulation The New York Aqiianum uses hard mb- 
ber pumps and plumbing inaterml almost cxchisuelj These were 
obtained from The American Hard Rubber Coinpanj, 11 Mercer 
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6 Cyclochaela (cilmtc) 

7 Costia {flagellate) 

8 i\/yxospondia (cmdo'^porodial) 

9 Ly^nphocystia 

10 Gyrodactylus (Ircmatodc) 

II Diseases of internal organs 

11 Gordius i\orms m emu's \cno«u3 

12 Stngcid ^orms m kidne> Ii'cr gonad 

13 Nematode worms m |)cricardium 

III Neoplastic diseases and manj degenerate e di«ca«cs of tlie 

ovary, kidney, li\cr, gall bladder, bone, cardiovascular ejstem 

etc 

For information on neopla«ms in fishes ece Schmc> (1911), Thomas 
(1931), Takahashi (1934), Nigrdh (193S), and SchJumbcrgcr and 
Luckc (1948) For a review of melanomas in fishes ece Gordon (1D18) 
Breed, Murray, and Hitchens (1918) reviewed tlic bactcrml di«ca®e3 
of fi«hc8 

The incidence of di«ca«c may be mmimiicd by preventing crowd- 
ing avoiding rapid temperature changes, «ceing that there are no 
metals in contact with aquanum water, and U'-mg only conditioned 
water, especially free of chlorine A balanced diet containing live food 
IS essential, but unclean tubificid worms should not be fed 
Common rock salt is generally the beet medicine for externally 
parasitized fi«h Thirty grains of rock or evaporated sen salt (avoid 
table salt) di«solved in 2 gallons of aquanum water is a standard 
remedy Keep the m the solution until they show «igns of di” 
tress, then remove to fresh conditioned aquanum water Repeat 
treatment if necessary A tcaspoonful of salt may occasionally be 
added to a 5 gallon tank in operation but avoid the accumulative 
effects of constant additions of salt 
Formaldehyde acetic acid suUa drugs and other substances have 
been used by fi«h pathologists, but their original work must be con- 
sulted [see Davis (1937) Fi«li (1947), Wolf (1935), and the standard 
works on fish diseases Hofer (1904), Plehn (1924), and Sch iperclaus 
(1941)] 

Mention has previously been made of the work of Baker and Fer- 
gu'»on (1942), who reared platyfish under axemc conditions and who 
suggested that tlie«e fish be moculatcd w ith specific pathogens for the 
purpose of studying tbur unique effects Axemc fish would be useful 
al'o m the study of the effects of intestinal bacteria on the utilization 
of specific foods 
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SOURCES OF SUPPLY 

In Its many years of operation, the Ken York Aquarium has had 
odon to test'a rude variety of materials, aquaria -d aquanum 
devices From this evperience a fen fundamental pieces q P 
and material have emerged nhich meet its rigid 
New York Aquarium does not claim that the 
Items listed below are the only satisfactory ones of their tyP<=. 
does It necessarily endorse or recommend all the products of 
panics mentioned in this section It is also entirely P“®^« ‘ f 
companies other than those listed here manufacture equally satis- 

‘IS,';;;:, 

from the Metal Frame Aquarium Company, Pmc Brook, N J y™™ 
for larger aquaria requiring special types of cons rue ion an 
up of angle iron may he obtained from the Pan Aineriean VI <iAs 
447-553 East 120 Street, New York 35, N Y To '’E 't®" * 

tnondous weight of aery large aquaria C W Contes o le 
Aquarium has designed one of henry angle iron “ P“'’° j 

replacing the usual concrete bo\-likc type Atz (l a) esori 

the advantages of this newer type of construction The boards a 
called Diestocks (Bcnaloid or Bcnalitc) and "" 

Masonite Corporation, 030 Fifth Avenue, New Tor i. a 

gla's mav be obtained from cither the Pittsburg i a c ass om 

pany, 30 Rockefeller Plaza, New York 20, N Y , or t le i cy wen 

Ford Gla'S Company , Toledo 3, Ohio 

Cements for making concrete tanks or lining woo cn ones su^^ 
tor aquarium purpose-, without cvtcnsivc and time consuming cur- 
ing” delays arc dcMrable The New York Aquarium u-cs Mediim 
Waterproof Cement and Saylor Cement, which arc available through 

out the United States , , .11 

Aquarium cement muH be lough, nexiblc, and non toMC A ugh 
grade i** manufactured b> 1 '' ri-ko Iron or 4 ar 
Ntw Aork 7, X \ Like nil nquanum ccmcnt«, it must be thor- 
oiighlv hand worked and hand-mi\cd with whiling to the proper eon- 
6i®tcnc\ just before u‘'mg 

■Non iiKtalhc, chemu illv inert water eondurling npparaliH is essen- 
tial in a elo ed cireuhition The New York Aquarium uses iiml rub- 
ber pumps and plumbing mitcrinl nImo~t cvchisivelv Ihe-c were 
obtained from The Amcriean Hard Ilublwr Companv. 11 Mtrrcr 
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Street, Nett York 13, N Y Gla— Imd pomps may l>e obtained 

from the Kasli nngmccnriR Companj', 203 \\ ihon Koa<l, SouUi . or- 
w alk, Conn Ccrnmic-lmcd pumps may l)C purrha«o(l from the General 
Ceramics Company, Kca«bc>, K .1 Trnn«itc, a chcimcally inert 
pipe, IS manufactured by John^-ManMllc Company, 22 Ea«t 40 Street, 
New York 17, N Y Pla'tic tubing has many advantage^ o%cr ‘'oft 
rubber tubing in con\e>ing comprc‘>‘cd air winch is u-ed to operate 
aerators, filters, and air-hfting de\ice« Tubing and t-hccting for 
filters made of Saran, which i*? a pla‘-tic niamifacturcd by Don Clicmi- 
cal Company, 30 Rockefeller Plata, New York 20, N Y., is recom- 
mended Saran tubing is fabricatcil in many «izes by tbe Elmer E 
Mills Corporation, 812 We-t Van Buren Street, Chicago, 111 In- 
formation concerning pll and chlorine i‘‘ aanilablc in a u‘-cfiil pamphlet 
"Modern pll and Chlorine Control,” i«‘'Utd by \V A Taylor A Com- 
pany, 7300 York Road, Baltimore 4, Md 
Water filters, aerator-stones, nir-lmc conaejoi^., air \n!\e« ami 
pumps, and a aaricty of connecting units may be obtained from 
companies which adsortisc their pixxlucts in The Aquanutn and 
The Aquanum Journal Tlic following is a partial h't: 

Aquarium fetock Compan>. CC ttarren Street, New York •! N Y, and SOTO 
Beicrly Bouloiartl, Los AorcIcs 3C, Calif 
Beldt's Aquanum, 2222 Crescent Avenue, St I/oni« Mo 
Crescent ri«h Farm, 1024 Mamlcvillc Street, New Orlpan«, I»ti 
Ea4tem Gardena, Kiwna Boulcvan! and Rov' Avenue, FliidiinR, N Y 
Everglades Aquatic Nurseries, “00 Plata PUce. Tampa Ha 
General Biological Suppl> lIou«c, 701 Ca«t OOtli Street Clucago, 111 
Henry’s Tropical Fi'li Hatchery, 100-31 111th Street, Richmond Hill, I-ong 
Island, N Y 

Nippon Goldfish CampaD> , 1919 Budi Street, San Franci*co, Calif 
Paramount Aquarium Inc . Cl l\hilchall Street, New York 4 N \ 

William Trjtker, Saddle River, N or Independence, Ohio 
San Francisco Aquanum Society, Inc, Golden Gate Park, San Franci«co IS 
Calif [for bnne ehnmp (Arletnui) oRgsl 

Some of these companies sell aquana, fi«hcs, plants, fi«h food, 
gravel, and general aquanum supplies Send for their catalogues 
The leading journals devoted to the aquana, fish breeding, fresh- 
water biologj', limnology, and aqmculture in general are as follows: 

The Aquanet and Pondkeeper, The Butts. Half Acre, Brentford, Middlesex, 
England 

The Aquanum. Innes Publishing Compan>, 129 North 12lh Street, Pluladel- 
phia 7, Pa 

The Aquanum Journal, San Francisio Aquanum Societj, Golden Gate Park, 
San Francisco 18, Calif 



427 


references 

Blaticr !ur A,uanen nnd Tcrrancnl unic. Verlag Juhua E G Wegner, W.nnen- 
" re™ne,«W. AUred Kemen Verhg, Ua 

p o B. H05 H.«„rd, conn 

iraler L./e, Dorset Honse Stamford Street. London S B 1, Lof ™^ 
Wochcnscimll lur Aquanen und Terrancnkundc, Verlag Gustav 
Sohn Bra\m<5chwcig, Gcrmtinj 

references 

Abramonrlr A A and H L Fetold 1037 Evper.mental produet.on of evoph- 
tlnlmos m Fwidiiiiis Abst , Anal ° J j s^.^^iter 8sh Aploclmlus 

Alda, Tatsuo 1021 On the inlienfrnce of color m a mhentance 

lalipea, Tcmmmck A Sohlogel with special reference to sev 

-^™1o3rrur£ geneucl. stud.os of Aplocl.cdns la, .pea GenCea, to. 15, 

J! W36 Sen re.ersal m AplochCna Inl.pea and a new enplanat.on of sen 

differentiation Gcnelica, vol 21, W ; funduliia hcteroclUm for 

Alenander.LE 1942 The capacity of the eyec. P jour Exp Zool, 

mduction and regeneration of lenses as studied in Icnsless cy 

aol 91, pp 111-117 .TOT, rroskins 1910 The growth of goldfish 

":rh:Upi./y rd:;;rd roUnon S.udy m mass Physiology 

a“& tl’^rranl!^ lOirThe ..til-Hon of minute food particles by 

goldfish Physiol Zool, aol 22(4) PP 3 Homotypic and heterotypic con- 

Allcc, W C , P Trank, and M Berman Hom^^yp ^ 

ditionmg m relation to sur\i'al and gro 

vol 19(3), pp 243-268 Anoptichthys con descripcion de uno 

Allarez, J 1916 Revision del gene 4(2-3), pp 263-232 

espccic nueia Ancles CSC ncc, ^ ■ ,,„„cinido ciego dc la Clioia 

— 1917 Dcscripcon do aol S pp 216-219 

dc los Sabinos, S L P , Rcti soc n remarks on the eaistcnco of dev cl- 

Amcraiya, I and S Murayama *•" q p„„„,iont, Oryatas (Aplcchctlus) 

oping emboos ,n the body of an ovj-aro.^^ >1^^ vol 7, pp 176-17S 

httpea CTcmmmck ct SchiegeU Standard methods for the cxamina- 

American Public Hcatlti A«ociatmn pp y jo9 

lion ol uater and sell age 0''' a ■ Cambridge Univeruty Press Pp 

Atbcr, Agnes 1920 ll'alcr vtnnln 

nvi + 43G TTOlhsalmiitriiiii/ir AQiicncm, v ol 6 pp 12^123 

Armhruatcr,^iMiii,^^^iy'»7 Intdung m rinididits /tc(croc/ifus 2\bst , 

Biol Bull,\o\ P j IIjp ^jijnuh 1 rovidcd b> the male cichhd fi«h, 

Aron'-on la R 1915 n " , — frequenej of the female Phvs^ol Zool, 

Ttlapin macroccphala, on the sp 

Vol lS(4),in) 403-416 



42S n«nrs i \boratory animai-s 

Aroa'on, L R lOW An finiljcn of Uk* rtprotiiic In c \Klia\ior of t!>c mou»li- 
brmlinf! ciohlid £-<11 fifnpw maewrcphaln (Hlwkcr) Zm>lo(;iCti, >ol 31(3), 
pp 133-158 

AroD'^on, L R nnd A M IIoft-Turl-pr ISf" Afort'f'<'>««fi<-«J 
tion and tnatmcnl wiih ROn'nKl lionnonpi on tlic frmalo riclihd fyh, Ttlnjm 
macroccphali Ab*t Annl /(rc.xol 00(4), pp 10-17 
Artom, Ccsarc 1921 La pppcie di GimbuJii occhmata m Riba ((7 /<ofbrooM') 
m rclazionc colh ft»bilib« del earaUcrr del ponopodio A(li reale cccad htneet, 
Rcndiconti etno V, vol 33, pp 278-282 

Asher J X , and C Alice 1910 Tlie effect of tnees of tin on tlie rate of 
growth of goldfidi Amcr Joxir /*Ap*iol, sol 130 pp CG.V070 
Astttooil, E B anrl C X Geselnrkter 1930 The picmrntsrj* re«pon<«e in 
Phonnas (om* The f^cct of liloo<l from a piltent with mel ino^ircoma 
AmcT JouT Cancer, \o\ 27(3), pp 493-190 
Atz.JamesW 1917a New tanks for old Ammo/ A'lnffdom, sol 50(3), pp 81-^^ 

1917b \Yatcr is much more thin IIjO A>iim«/ Ktntjdom, sol 50(4), pp 

114-119 

lOlOi Tlic myth of the bil meed aqusnum Sal //i*/,sol 5S(2>, pp 

72-77, OG 

— 1919b The balanced afpianmn myth A^tmrM/, sol 14 pp 159-100,179- 
182 

Back, A 1032 Onginc ct dCseloppement du mesonchjme chez h*s nlmonides 
Arch flnal microsc.sol 23. pp 2^267 

Bailc>, R J 1931 The ossmn cycle m the siviparons tcleo«t A’»;*/io;i/(oruJ 
hcl/en Dial Bull sol 61, pp 206-225 

Baker, J A, and M S Tcnpivin 1912 Growth of Plat>fi»!i (r/nlypocn/u* 
macufatui) free from bacteria and other organums /Vt>c Soc Etp Dtol Mtd, 
sol 61, pp 116-119 

Baldwin, T M , and II S Goldm 1039 rffccts of testoderonc propionate on 
the female s n jparous lc!co«t, .Yiphophonn hcf/cn lleckcl Proc Soe Fzp Biol 
Med,\o\ 42. pp 813-S19 

Baldwin T M , and H S Goldin 1911 Effect of testosterone propionate on 
anal fin transformation of female sujparous teleost, Xtphophorua heltcn Ileckel 
Proc Soc Exp Biol 5fc(i, sol 40, pp 2S3-2S1 
Baldwin P M, and Min-II«in Li 1912 Effects of gonadotropic hormone in 
the fish, XipJiophoriH Acl/en Ilcckol Proc Soc Exp Biol Med, so! 49, pp 
601-601 

Barney, R L, and B J Anson, Jr 1021 Seasonal abundance of the mosquito 
a’estroying fop-minnow, Gam6una o/fTnu, especially m relation to male fre- 
quency Ecology, sol 2, pp 53-09 

Bateson, Wm 1891 Mofenal* for the study of varvilion Macmillan London 
Pp 1-598 

Battle, Helen I 1940 The embryology and lars al de\ elopmcnts of the goldfish 
(Caramus auraCtis L ) from I ake Ene Ohio Jour Snence, s ol 40, pp 82-93 

1944 The embryology of the Atlantic aalmon (Salmo sala’r Linnaeus) 

Can Jour Bes, Sec D, Zool Sci.vol 22(5), pp 105-125 
Beach, X A 1918 Hormones and behavior Paul B Hoeber, New York Pp 
Xiv + 368 

Boll, W R 1938 Morphology of the hypophysis of the common goldfish 
(CararniM auratus L) Zoolofftco, vol 23(3), pp 219-231 



references 


429 


BclIamj.A W 1922 Sex-lmked mhcntmce in the teleost, Plall/poeciitis macii 

talus Anal Rcc,\o\ 24, pp 419-420 T Statement of 

_ 1924 Bionomic studios of corfim tcleosts 

problems description of material and general notes on 

mg beliar lor under laboratory conditions Gene ics, r , other 

_ 1936 Interspecific hybrids in Platj poecilus, one species ZZ-ZW, 

XY-XX Proc Nal Aend Science, lol 22, pp 631-S35 Siamese 

Bennington N L 1936 Germ cell origin and „ J25 

fighlmg fish, Bette spicndens Jour “’T’'* ' ,,,^'^'^^“0101 expression and 

Berkhouso Jerry R 1909 Some experiments on the artihcn^^^P 

fcrtihiation of goldfish Trens Amcr Fts i " ’ ’ icbisles rcltculatus 

BerkoiviU, Philip 1937 Effect of estrogenic substan^s 'n a. 

CGuppi) Proc Soc Exp Biol ^^"d.'o' 3 'PP * rcimdatm (Guppy) 

1938 The effects of estrogenic substances, in he 

Anal Rec , vol 71, pp 161-176 mammninn gonado- 

1941 The response of fish (Bebistes relic, dot.M) to mamma 

tropins Jour Exp Zooi,rol 80 pp 2l7-2o4 „ , Zcit InduK 

Bcmdt, t\ilhclm 1923 Vcrcrhimgsstiidicn an Go 

Abutemm u Vererb , vol 36, pp 161-349 he Zaol Jalirb Abtal 

1928 Wildform imd Ziemssin bet der Ixamisuie 

Zool ,1 Phynol \ol 45, pp 841-972 Fmdnlue embryos Biol 

Bimic, J n 1934 Rcgencrition of the tad nn 

Bull, tol 00, pp 316-325 , ™l„t,smus bcl irbulcs Trans hob 

Blacher, L J 1920 Pall ion Hcrmapbrochitismus 

Exp Biol Jfoscoii, vol 1,PP 90-0o rcliciiUilns II Trans Exp 

1928 Materials on the genetics 

Bio! Zoopor!. Jfoscoil, vol 4, pp 215- „nimaK Cranbrool Inst 

Boardman, E T 1939 Picld guide to lower a i 
Sacncc BhU 21, pp 1-S6 ,i,cessti\c Pjstcm and it«i function 

Bobkm, B P,andD J Bowie 5,_pp 251-278 

m Fuudulus hcUrocUtus Biol Bw , ' -ij,^,nnnce-fcubordination rchtion«liip 
Bn(hlock,J C 1913 Some aspccla of Uic 18(2), pp 176-195 

in the fish Blnfypocahis inacuMus ' rn»iihl>na in nquana Abst , Copcm, 
Brcdcr, C M . Jr 1931 On the orpanic cq 

(2),p (JO , I I- the painted hclta Bull N V 7ool 

193ta The reproductive habif ol 

Soc , vol 37(5), pp 120-133 pj rpproduclivc habits and life history 

193111 An experimental stni y Zoo/ojico, vol 18(1), 

o( the cichlid fi-li, Acou»'c,i' 

PP 1-42 1 „-csrch Ball A’ T Zoo! .Soc, vol 3S(4), pp 

1133 Tlie aquarium anu iv 

>19-110 not especially modified (or breathing 

19tl Bespiralory !»■ ' Hoalooim, v ol 20(25), pp 213-211 

air under conditions ot dep e ,, ciiiea. will, e-i eeial rxfrrrmc to 

1912 Dceriptive eeology^^^^^^^ 

the blind fid, dnopbcM P’ „ 

lOlTv Appaienl el.nnie^^^^ Cop. m. W. PP 24-30 

loeahtv o( d-Pbf , „l.,vior .ml evolulio-i „t . „„ 

, >9'='’ Scienee.eer U.vol Stil.pp 1C15.1;5 

r di Trent S’ 1 . -’ee ' 



430 


rislllii I \nOR\TOIlV NNIMUi? 

Brc<lcr C M Jr 1911 O'ulir «initom> ond IjkW ftii'lif* on ilf' f’fmd 

fi«h from CiicMi <lo lo-* «l«n*r« Mmipm ZtnilifTtea. \o\ 29(13), rp 131-111 

1915 Comj'cn'-Tlmt: n ‘>cHon< to thf lo*-* of l!' lonrr jnw in n cim* fi'ii 

7ooh7ir>^, ^o] 30(10) rp C*>-1W) 

1917 A note on iroterlne lH'lrt\ior in Copfxn, (4), pp 

223-227 

Ilrclor C M Jr^ niul C \\ Coitex 4932 A prrlitnmin otii.lj of popuhtion 
ftahilitv an<! ffX ratio* of Jrb'tlfs (3) pf II7-1W 

Brcflcr C Jr. an<l C U CoalM 1933 S<-s rTTOiniilion in tlie pilPJ'. 

Arf>i»(eii rf/iculatiM IVtcp* 7MUi^trn,\o\ 19(3), fp 197-207 
Brctler.C M Jr.imdr, B CrrsMt 1911(1 Co-rclition* lietwtrn rtnirtural O*' 
defects «Dd belmior in t)c MoTicoft l»Jin«l /■hanrin ytmlocrif’i >f’l 2C(I0), 
IP 123-132 

Brcilcr, C M^Jr.nnilB B Cn-wr lOllli Tiirllirr «tiirlw« on the Iiclit r«n«i- 
tiMl\ and l)cha\ior of tlie Mexiein Blind cliarncm 7nolo'jxcn, to ! 2C(29), 
PP 2S9-20G 

Brcdcr, C M,Jr, nndF llalpem 1910 Innate and ncrpiiri d liehsMor nffertine 
tlie actrrrmtion of fidie* Phytiol Zool.art! 19(2) pp IM-lOO 
Breder, C M. Jr, and U I Sicrelh 1939 Tlie rismifu-nnrp of diff'rrntnl 
locomotor actiMlN a.a an milcx to ll.e mi«a pliTMoIo,© of fi-!ic« Zoohsxcu, 
aol 230). PP 1-29 

Brcdcr, C M . Jr , and P Ra«<|Uin 1913 Oicmiral ren«on rraHion* m the 
Mexican htmd chaneins Zoolnyiea, vol 2S(20), pp 1C9 2t>0 
Brcdcr, C Jr, and P na*qmn 1917a Fiid'or* for the lark of a prowth 
principle in the optic fV6t of Mexican caac fidi Zonloyifn aol 32(3), pp 29-33 
Brcdcr, C M. Jr, and P lla.«iuin 19I71» Comjarahxc rtiidic* in the lisht 
Ecn<ttniti of Blind chancina from a «cnca of Mexican caac* Itull Amer Vu* 
Sul //wt.aol S0(6).pp 321-351 

Brwlcr, C M^ Jr, and J Rocmliild 1917 Comparaliai l>eha\ior of aanoii* 
fidics imdor difTcnoK eondition* of ncCTepation Copeia, (1), pp 29-tO 
Breed, R S,E G D Murrav, and A 1’ Ilitchcfi'* 19IS iScTffryt manual of 
delerminalive haclenaloyy Cth cd W iHiams and M ilkiaa B illiroore Pp 
xai -1-1529 

Breidcr, Hans lD3oa Gc<clileelit'!»r«timmtmR und Diffcrmsicninj; Iwi Liinui 
myrofa$aala, caudofaxcinla und nttata und derm ArtBa«(nnIen Zetl / IntluJ 
Abttamm u lercrb, aol 6S(2), pp 2C.V299 

193jb Einc McndeBAnab-'c aon Attmcrkmalen {:co(;raphi*ch aik ariicran- 

dcr Artcn der Gattunj; Xiniio Zrtl / Jndul Abtiomm v \ererb, >£d 7J» 
pp 411-499 

1938 The Getclz der VeTcrbung und Zuchlung Gu«lav 3\ enrol A Sohn. 

Braua'chwoig Pp 1-188 

1939 UntcrsiichuDRen nir Raspcn-. Art-, iind GaltungfditTcrcnriming 

lebendgebarcndcr ZahnkaTpfcnartcn Zool Am hiip/4 Oerh dcuUch Zoo! 
Gc«,4l), aol 12, pp 221-237 

1912 ZW Macnnchcn und W3\ Weibchen hci Platypocalus rnaeuhlue 

Bwl ZentTalbl,-\o] G2, pp 187-195 

Breider, n , and R Seehger 1938 Die Tariwllen der Gattung A/pAopAon« und 
PlaiVpoectfiM und deren Baataxde Zett icu* Zoof, \ol 151(2), pp 2I3-2S5 



HErERENCES 


431 


Bndges, W 1940 The blind fish of La Cucva Chica Bull N Y Zool 

B JenUns 1959 Studies of the antagonism between 
impLt and host in fish embryos Physio! Zooi , l ol ^ 3 

Bulhngton, Robt A 1917 Teachmg biology with Gambusiu 

Teacher, vol 9(9), pp 261-264 +iip external environ- 

Burger J W 1939 Some espenments on the relation o 

men; to the epermatogenetic cycle of /mterochtu. (D 

«4r sTnife.pe„ments on the efiecm <>'>'> 
implantations on the male Fundulm heteroclUm B,ol Bull, 

— wt Some efiects of androgens on the adult male Fundi, las Rio! Bull. 

C:r;'enmV’’L“ 1927 Th_e lethal action of soluble metalhc salts on fishes 

Jour Exp Bio! , vol 4(4), pp l.^tological effects of ultrasonic 

Chambers L A , and E N Harvey r^luZuB uni on the larva of 

naves on cells and tissues of the A®'' 

Rotui sylootico Jour ’™' ?“'(’? gsh Aquunum Jour, vol 10(6), PP 

Chapman, W McL 1948 The blood of a tisli uiq 

characters of the goldfish, Caramm 
Chen SlusauC 1925 Variation in cxtcmai cn 

aurotus Conlnb Biol Lab Science ’ ( goi’af,,],, Carassiue auralua 

— 1026-1927 Variation, evolu ion and l.ered_d5 0^E^^_^^^_j^^ 

Palms Soc Flat Wist Sail , vol It ), 

1028 Transparent and mottling, yase oi 

goldfish, Corasstus oarotuc v' flours in the goldfish, Caraaaiua 

1934 The inhentanco of blue ann nrowu 

auralua Jour Gcncdcs, vol , <;„„d„pmcn! University of Chi 

Child, C M 1041 Patlcma and problems o, 

cago Press 811 pp Cordon I9IS An analjsis of the scviial 

Clark, E , I, R Aronson, and _„„,i„d fishes and their laboratorj induced 
behavior o! 2 sjmpatric 42 

hvbrids Abst , Anot J!cc , 'oi . ognanum Liveright, Nevv 

Coates, C W 1033 Tropical fislics jor a 1 

York Pp ai + 220 ™„,c action in embrj os of Fimdulus hetcro- 

Coghill, GE 1034 yeilvoY 31. pp 62-01 

clilus Proc boc Lap ' ,'„;^„pca on the development of the platjfisl, 

c-A-n 10.6 En-s “f ;cv ^ 

Co 1 r?" mt’r Threnec.s nt polhmonal wa-tes on fi-h hfe Pp 241-250 in 
Cole, A E 1911 I' . „,„pp rnivecitv of Urcon-m Proas 

A Symposium on llvar p. conditioning of a 

‘''"hCmiLdreaTed'wa.rrsiiPt’i.v for biolopcal plinvosca Bcofogy.vol .6, pp 
T.C W Coa.es and of 

eloctne irssn. Anno , ^ „iuctive ejcle of tlie tliree-spmed stiekletnrk 

Cmg-Ilennctt A 1 '4‘ Boyaf Soc ton fee. srr B.vol 219 pp 107-279 

(u ocuft/lfui h ) * 



432 FISHES AS L-MIORATORY ANIMALS 

Crea'<?r, Chas 1£GJ The technique of hindlmg the zebn Mi (.Hraekydcnto 
rent,) for the production of epiw which are favorable for cnibrjologiral ^warc i 
and are available at anj Fjiecified tune ihttmglioul thf jear Copcin, (4), pp 
150-lGl 

Crozier. W J . and Em't Wolf 1939 Temperature and critical illumination 
for reaction to flickcnnc hchl V A'tpfiophoru*, Phtypofalus. and their h>bn(W 
Jour Gen Pkynol^\o\ 23, pp 14J-163 

Cummings, Jean Bruce 1913a Morphogenen* of the gonoporliurn in MoUtcntsvi 
fotiptnnu Jour Uorph^ \o! 73 pp 1-18 

1913b Quantitative stwhes on the induction of Ronojiocha m females of 

Afofhcnma l/itipuino Jour Eip Zoot^ vol 01, pp 351-386 
Curtis, Brian 1933 The life ttory of the fith D Applcton-Ccntury, Neve York 
Pp 31V + 200 

Dalton. H C. and II D Goodrich 1937 Chromatophorc reactions in the 
normal and albino paradise fi«li Afacropodtis opercufurw L Biof v of 73 

pp 535-511 

Daniel, R J 1917 Distribution of (djeogen m the developing salmon (“vifmo 
JofarL) Jour Frp Biol lied, vol 21, pp 123-Jll 
Dav is, 11 S 1931 Tlic influence of ht re«lit> on the spawning season of trout 
Trans Amer Fuh See, vol Cl, pp 43-10 
— — 1937 Caro and di«easc of trout V S Dept Comm Dur Fuh Inieet 


Kept, vol 35, pp 1-70 

Davi'on, C, and F Eliinser 1912 Radiation cfTocts on nervous t>rtem and 
roentgen-pigmentation of goldfish (Carosntu ouratua) Proe Soc Frp Biol 
3/ed, vol 49. pp 491-495 

Dedetcr, Pn 1921 Thel)chaviorofccllsinti.»®uceullure3ofF«nduIi«Ac/cTO- 
cliltM with special reference to the ectoderm Biol Bul/^ vol 41 pp 221-210 
Dildine, O C 193Ca Studies m leleo®tcan rcpnvJuction I Embrjonie her- 
maphroditism m Le&utcf relicuIatiM Jour .l/orp5,vo) 00(1), pp 201-277 
— 193Gb The effect of light and temperature on the gonads of Lebuiea 

Ab«t, Anal Bee, vol 67, toppl, pp C1-C6 
Duizctto, F 1931 Svituppo c struttura del conopodio di Cambuswi holbrookti 
Grd Pubbl ttat zool A'opoti, vol 11, pp 02-85 

1932 Sulla struttura del tc«ticolo di Gambuna bolbroolbn Grd Boll zool 

not Aopoft, vol 3, pp 57-01 

1933 La struttura del fcHicolo di Gambwta holbrookit Grd e la sua 

evoluzione in rapporto con lo sviluppo del gonopodio ArcA zool Torino, 
vol 19^^p 405-437 

Eakm, R 51 1939 Regional dctcrremation m the dcv elopment of the trout 

Bout’s Arch / BntincJ. der Orgammen, vol 139, pp 274-231 
Eddy, S, and T Surber 1917, Northern fishes Rev ed Unn er«ity of Minne- 
sota Press Pp XU + 270 

Elhnger. F 1910 Roentgcn-pigmentatioa in the goldfish Proe Soe Exp Biol 
A/cd, vol 45, pp US-150 


Ella, M M B A Werff.II, and M D Elk. «1S Delcmmatim of water 
Quably Be. Kept 9 u S Fnh and B .Hide Service, pp 1-122 

71* * eempanctae aludy ot natural and 

artifice.1 loodj ol brock trout Fran, Amer Fuh Soe, col 51, pp 185-200 



RErERENCES 


433 

_ _ -R T Shaw 1936 Motihty factor m mass 

Escobar, R A, R P Mmahan, and R , mnditions of isolation, homo- 

physiology locomotor activity of fishes und 

typic grouping, and heterotypic groupmg Physiol Zooh ^oi JU;. PP 

Eronberg,J M 1923 Sex d.frerenU.t.on m the v .v.parous teleost X-ptopto™ 

hellen Heckel Btol 45. pp 46-97 Xiphophoruz hellen 

1926 Complete sex-reversal m tlie MViparous 

Bwl Buli.vol 61, pp 9S-111 -phe effect of th>roid feed- 

Etkm Wm.R W Root, and B P Motshm 13 , pp 415-429 

mg on oxygen consumption of the gold growth and survival 

Evans, G 1936 The relation between vitamins ^ 

of goldfishes m homotypically conditioned water Jour Lxp /. 

PP 449-476 _ , fish (Lebistcs reticu- 

Eversole, W J 1939 The effects of androgens upon the 

lalus) Endocnnology, yo\ 25, pp 32&-33 , * jjjg on ggxual dev elop- 

_ 1940 The effects of pregnenmolone and 

ment of fish (Lcbisfes relxculatm) Endom y ^32-333 

Paber H A 1033 The chlorine problem ^<7 McGraw-Hill, New York 

Passett, N C 1940 A mcnml ol oq^lic 

Pp vii + 382 rolling infectious diseases m hatchery fish 

Fi«h,F r 1947 A technique lor conlr^W ^ 

Trans Amar Fish Soc , vol 74, PP -.pgucs of Platypocalus II The 

Praser, A C , and M Gordon lOM t' 14 ( 2 ) pp 100-170 

linkage of two scx-lmked characlera Press, Brentford, Middlesex 

Fraser-Bninner, A 1916 The gum Buckley 

Pp 1-13 Chromosome numbers m xiphophonn 

Friedman, B , and M Gordon 3 

fidies Amcr iVaiurahst, 'O* r Black 19*7 Influence of temperature on 

Fry, r E J , V S Black, and E C I, , under various tensions 

the asph>’xiation of > oimg gol guff, vol 02(3), pp 217-221 

of ov> gen and carbon dio'ot c n«*ltcm produced b> various agents m 

Fiikui Kcn’ich. 1927 On the comr I 

goldfish Fohn Anal 7opon , ' o ' l],p puldfisli folia 

1030 The defimte loc^^tion 

Anal Japon, vol 8 PP 2S3-J *■ number and form of vertebrae m 

Gahncl, M L 1911 4’“''°” 7 „„I, vol 95(1). pp 105-117 
Fundulus /ictcrochtu* ^cuhnivalion des laracteres scxuils somatiques ct 

Galhcn, M Louis lOtOa ! JJ"' C r ncad <et.vol 222 pp 1522- 

anaI>Fc gcnctique chez 

1521 i.„„hrnoi<hc die* Lebirtrs rrtieufabi# ItuH toe sool 

lOICb Sur un eay^ 

France, vol 70(3), PP ,,pennatogriie«» in the top-mmnow Combiaia 

Gc tr, b B IM' " j_213 

/ilol Ball, vol of ovorvtrs m f’aroMi M rarntjita nml il« 

Gcrhlhkv.N I- '"^'..iruuvritin.s B«H Bwl Mr, I (bVA, vol 3 pp ICO-lCl 
dept ndoncf* '•1'^”^!.!* * inrlKwl for Ih^ nlwlv of tovinlj ««jng pildfs-di Jojt 
Gcr*doTff. h 1 /rj 3110-311^ 

Anrr Chtm 



434 FISHES AS LABORATORY ANIMALS 

Gm'burg J 1929 Beitrage zur Kenntnis der Guamnophoren und Melanophoren 
Zool Jour (Abt Anat),\6i 61, pp 227-260 
Goodrich II B 1927 A study of the de\clopmeQt of Mendelian characters m 
Oryzias laiipes Jour Cxp Zool, \ol 49, pp S61-2S7 

1929 Mcndehan inhentaBce m fi«h Quart Rev 4, pp 83-99 

1933 One step in the development of hereditary pigmentation m the fish 

Oryztas latipes Biol Bizit, vol 66, pp 249-252 
Goodrich, H B.andP L Anderson 1939 Variation of color pattern m hybnds 
of the goldfish Cflrassitia auralus Btol Bull , vol 77, pp 184-191 
Goodrich, H B. J E Dec. C M Flynn, and R N Mercer 1934 Germ cells 
and sex diflerentntion m Lcbisle* reltcufaftts Biol BuIi,%ol 67, pp 83-90 
Goodrich, II B , and I B Hansen 1931 The post-cmbryonic development of 
Mendelian characters in the goldfish, Carassius auratus Jour Exp Zool, %oI 
59, pp 337-358 

Goodnch, H B,G A Hill, and N S Amck 1941 The chemical identification 
of gene-controlled pigments m riatypoecilut and Xtphophorus and comparisons 
with other tropical fishes Genetics, \ol 26 pp 573-686 
Goodnch, H B , R L Hine, and II M Lesher 1917 The interaction of genes 
in Lcbiates Tcticulatus Genetics, \ol 32, pp 535-540 
Goodnch, II B , N D Jo»cphson, J P Trinkaus, and J M Slate 1944 The 
cellular expression and genetics of two n<sw genes m Lebistes retteulalus 
Genetics, \ol 29, pp 5S4-592 

Goodrich, H B , and R N Mercer 1934 Genetics and colors of the Siamese 
fighting fish, Betta splendent Science, vol 79, pp 315-319 
Goodrich, H B , and R Nichols 1933 Scale transplantation in the goldfish 
Carasstus auralut Biot Bull, vol 65, pp 253-265 
Goodrich, H B, and R Nichols 1937 The deselopment and the regeneration 
of the color pattern in Brackydanto reno Jour Morph , vol 52, pp 513-523 
Goodrich, II D , and M A Smith 1937 Genetics and histology of the color 
pattern m the normal and albino paradise fish Biol Bull, vol 73, pp 527-531 
Goodrich, H B , and H C Taylor 1934 Breeding reactions m Bella splendent 
Copeio, (4), pp 165-166 

Goodnch, II D , and J P Tnnkaus 1939 The differential effect of radiation 
on Mendelian phenotypes of the goldfish, Carcujtus auralut Btol Bull , vol 
77, pp 185-195 


Gorbman, Aubrey 1910 Suitability of the common goldfish for assay of 
thyrotropic hormone Proe Soc Exp BitA Jl/crf,vol 45, pp 772-773 
Gordon, M>ron 1927 The i^etics of a MMparous top minnow Plalypoecilut , 
the inhcntanec of lao kindsof melanophorog Genetics, %ol 12(3), pp 253-2S3 
1031a Morphology of the hentable color patterns in the Mexican kilhfish, 

Plalypoecilut Amer Jour Cancer, vol I5<2), pp 732-787 

1931b Hereditary basis of melanosis mhjbnd fishes Amer Jour Cancer 

\o\ 15(3), pp 1495-1523 

1935 The strange hi«toiy of Bahmgton’a cur«e Amer Mercury, June, 

1935 and Aquanum, \oI 4, pp 21&-218 (1936) 


1936 Fi<hc^ beware the fungus Vaturc Hoc? , vol 27, pp 145-H6 

— - 1937a Genetics of Plalypoecaut III Inhentance of sox and crossing over 

of tlic sox chromo omes in the platjfi«h (Jenetics, aol 22(3), pp 376-392 



REFERENCES 


435 


Gordon, Myron 1937b Heritable color variations in the Mexican swordtail-fish 
Jour Heredity, \ ol 28, pp 222-230 

I93S The genetics of Xxpkophorus hcUcni hercditj in Montezuma, a 

Mexican swordtail fish Copeta, (1), pp 19-29 

1940 The fish that was jungle bom and city bred Nat Hist Mag , vol 

45, pp 96-106 

1941 Water flea circus Nat Htsl Magtiol 46, pp 77-82 

1943a A study of molhes m black and white Aguanum, \ol 12, pp 8-9 

1943b Feeding platyfishes and swordtails aol 12, pp 86-8S 

1945 The world’s smallest flowering plants Nature Mag, vol 3S, pp 

202-204 218 

1946a Introgressive hybridization m domesticated fishes I The behavior 

of comet — a Platypoecxlus maculatus gene m Xiphophorus helleni Zoologica, 
vol 31(6), pp 77-88 

1946b Interchanging genetic mechanisms for sex determination in fishes 

under domestication Jour Heredity, \o\ 37(10), pp 307-320 
— - 1946c Tape up broken aquanum glass Aquanum vol 15(4) p 72 

1947a Genetics of Plalypocctltis maculatus IV The sex-determmrng 

mechanism m two wild populations of the Mexican platyfish Genetics, vol 
32(1), pp &-17 

1047b Speciation m fishes Distribution in time and space of seven 

dominant multiple alleles in Platypoecilus tnaculatus Adv Genetics, vol 1 
pp 95-132 

1947c Melanomas in. the hybrid offspring of two species of swoidtails 

Xiphophorus monlezumae and Xiphophorus helleru Abst, Anat Rec, vol 
99(4), p 57 

19i8a Effects of five primary genes on the site of melanomas m fishes 

and the influence of two color genes on their pigmentation Biology oj 
Melanomas, Spec Pub N T Acad Science 4 pp 216-268 

194Sb Get your fishes out of hot water Aquanum vol 17, pp 33-34 

1950 Heredity of pigmented tumours in fish Endeavour, vol 9(33), pp 

26-34 

Gordon Myron, and P Benzer 1945 Sexual dimorphism in the ‘skeletal ele- 
ments of the gonopodial suspensorium ra xiphophonn fishes Zoologica, vol 
30(6), pp 57-72 

Gordon Rlyron Herman Cohen, and R V Nigrelh 1943 A hormone-produced 
character m P/afypocciIus maculatus diagnostic of wild P xiphidtum Amer 
Naluraltsl, vol 77 pp 669-572 

Gordon, Myron, and Allan C Fraser 1931 Pattern genes in the platyfieh 
Jour Hcrcdtly,\a\ 22, pp 16S-1S5 

Gordon, Mjron and D E Ro'^cn Genetics of •fpccies differences in the mor- 
phology of the male genitalia of xiphophorm fishes Bull Amer Mus Nat Hist 
(m press) 

Gordon Mjron, and G hi Smith l93Sa Progrcssi\e growth stages of n 
hentablo mehnotie ncopla.st»c di‘5ca«e in fi'hcs from tho daj of birth Amer 
Jour CoMccr, vol 34(2), pp 255-272 

Gonlon, Mvron and G M Smith 193Sb The production of a melanotic noo- 
pla-dic dicca^c in fishes b> selective matings IV Genetics of geographical 
5pecies lijbnds Amer Jour Cancer, vol 31(4), pp 6 J 3 - 5 C 5 



436 FISHES AS LABORATORY ANIMALS 

Grand. C G, M Gordon, and G Cameron Cell tjpes m tn^ue culture 

of fish melanotic tumors compared with mammalian mcHnonias Cancer lies, 
vol 1(8), pp 6G0-666 

Greenberg Albert 193S Strange Bpawnrag of the blind characm Aquanum, 
^ol 7, p 80 

Gresser, E B and C M Breder, Jr 1910 The hi^tologj’ of the eje of the 
case characm Zoolopica, %ol 25(10), pp I1S-H6 
Grobstem Clifford 1910 Endocrine and dc\elopmcntal studies of gonopod 
differentiation in certain poeciliid fishes I Tlie structure and development 
of the gonopod m rialvpoectliu maeulalut Untv Call/ Pub Zool 47, pp 1-22 

1942a Endocrine and developmental studies of gonopod differentiation 

in certain teleosts II Effect of testosterone propionate on the normal and 
regenerating anal fin of adult Platypoecdus maculatus females Jour Exp 
Zool,\o\ 89(2), pp 305-32S 

1942b Effect of various androgens on regenerating ana! fin of adult 

PiatVPocetlua maculatiu females Proe Soc Exp Biol Med, sol 49, pp 477- 
478 

— — 1947 Decline m regenerative capacilj of the Platypoeexlus maeulatus 
gonopodmm dunng its morphogenesis Jour Morph, \oi S0(2),pp 145-160 
— 1943 Optimum gonopodial morphogenesis in Plalypoectlus maetdafus with 
constant dosage of methyl teslo Icronc Jour Exp Zool, vol 109, pp 215-237 
Honce, R T 1924 Heredity in goldfish Jour Heredity, vol 15, pp 177-182 
Ean«eo, J 1931 Gonadectomy m the fish Carassius auratus Science, >oI 73, 
pp 293-295 

Haskins, C P 1943 Albmi«m, a semMethal autosomal recessive in Lebistes 
rettailalus Heredity, \o\ 2, pp 251-262 

Haskins, C P , and J P Druzba 1938 Note on anomalous inheritance of 
eex-Lmked color factors m the guppy Amer Haturolist, \ ol 72, pp 571-574 
Haskins, C P, and C L Haskins 194S Albinism, a semi-lctlial au(o*oma! mu- 
tation m Lebistes rcCiculolus //eredify, vol 2, pp 251-262 
Uasler A D , and W M Faber 1911 A tagging method for small fish Copeta 
(3), pp 162-165 

Ilajford, C O, and G C Embody 1930 Further progre«3 in the selective 
breeding of brook trout at the New Jersey State Hatchery Trans Amer Ftsk 
Soc , V ol 60, pp 109-113 

Heston, E 1948 Genetics of cancer Adv Genetics, vol 2, pp 99-125 
Heuts, M J 1947 Experimental studies on adaptive evolution m Gaslerosteus 
L- *Fj«iViv'.u>r, rvrf 14^}, pjv S9-iS& 

Hildebrand, S F 1917 Notes on the life hi«toor of the minnow Gambusta afinta 
and Cypnnodon lanayatua Appendix VI. Kept U S Comm Fish for 1917 
Bur Fish Doc 857, pp 3-15 

Hmnehs M A 1925 Modification of development on the basis of differential 
susceptibility to radiation 1 Fundubu keUroclilua and ultra-violet radiation 
Jour Morph Phys^iol 41, pp 239-263 

— - I93S The rtiicro-copic anatomy of turns and double monsters of Pundulua 
heterocblua Physiol Zool, vol ll,pp 155-157 
Hoadley. L 192Sa Vi«co«ity changes during early cleavage stages of Fundulua 
eggs Science, vo! 68, pp 409-410. 



435 FISHES AS LAUOinTORY ANIMATE 

Jones, R V* 1539 An)Jv«-« of Dm* devtlopmtiit of fiJ-h tinbooi 1>> means 
of the milolic idiIlx V The irocrj-ea of t irl) diffcrLDtiilion of organs tn 
l-unJulus hctirorlit lit Trnn» Awer Hkto .W,so 1 M pp 1-23 
Joiiian C B'l'ii 1937 Bringing m flic ne« ta»c Anoplichlhv* JOfJntn JIubbs 
and Innea Aqiirmtim \<il 5 pp 203--201 
Kanuda T 1935 Menibnm pottnlnl of the egfi of On/i*"* 

Science foluo Imp (/nil lol i pp 201-211 
Ivamito \ 1928 I 3rl> del tlopintol of the Jit anc't ikilUfifh (Oryiuis 

with notes on ita habils Jour CoH Agr Imp Vtiit Tul go, \o\ 10, p[> 2I-3S 
Kasansky, W J 1930 Zur Morphogicikr H>bridtn \on Carnwius canuMiiw E X 
Tinea huca L /ool Auz \ol 90 ip 

lvcn>on 1\ A 1925 Digestixc tnz>tnea in jioikilothtrmal icrtcbmtcs ItuU 
But /isfc \ol IG, pp 181-200 

Kcmgan Alice M 1931 The inheritance of the ctisccnt ond Iwm-f'pot mark- 
ings in A GtHtUfJ vol 19. pj» £51-599 

lurpidmikov \\ 1933 lutoMimd genes tn tiIicuIjIum and the prob- 

lem of the aromg gcacUc i-cx dclenmnation Acit / ISiol Motcoir, lol 1. 
pp 313-351 (LRgli<>h ^iintnury } 

Kleiner, I 8 1910 Tlie relative effects of |roge-Ufonc and tolo-tirone pro- 

pionato upon OMpo>itor IcngtlKDing of the fenide bitlrrling !• i docnnalogVi 
vol 20(3), pp 531-435 

Klctncr, I 8, A 1 Wcoiman D I Midiktud. an 1 C CuaUs 1930 The 
female bittcrhng as a biologic U»t aniiiul for male bonnone Zuolugua, v ol 
21(21) pp 241-250 

Kob, T P 1031 Kotos on tlie evolution of goldfib Ouna Jour, vol 20, pp 
101-107 


Kosswig Curt 1927 Cbcr Ua^tanlc dcr Tcleoaticr rfntyporcdiu und A'tphopAo*’ 
rus Zeit / Induk- Abstornm u I'crcrb.vol -H, p 253 

1932 Hcrmaphroditi roua im Tienruli von> Genclj>chcn felandpunkl 

Der ZuchlcT, v ol -1, pp 22-32 

— 193(ki Homogametischc ZZ- imd WW-Wcibchcn cnt&lchcn nach Artkreu- 
zung mit dem id ueiblicbeQ GcHhlcclit bctcrogsmctiseiien Plalgpoectlut t/tacu- 
latu# Cwl Zentrcilbl , vol 56. pp 40tM14 

1936b Methoden dcr Zicr&Hrhhaltung und zuclil fur wiaatn'ichafllicbc 

(besoDclers gcnetische) Zweeke In E Abdcrfiahten a Uandbuch der biologuehcn 
Arbeilmclhoden Abt IX Ted 7, licit 4, pp G53-710 

1913 Gcnctischc Beitmge zur Praadaptationalhconc Jicv joe act uniu 
tf /«mn6u(, ser B, vol 13(3), pp 17fr-209 

Krumholz, L A 1918a Ucproduction m the western mosquitoGsh, Gambusta 
a^inw Q^inu (Baird A Girard), and its use m mosquito control hcot Moiioar, 
vol 18(1), pp 1-13 

191Bb The mosquilofish, Gambusui, established m the Great Lakes region 
Copeia, (2), p U4 

Kuatz, A 1914 Notes on the habit*, morphology of the reproductive organs, 
and embryology of the vuiparoiia fisliea Cambum afinu Bull U S But 
F tsK vol 33, pp 177-190 


Larger, W F 1913 Bcitragc zur Morphology dcr 
Gegenbaiier'a Morph Jahrb vol 47, pp 193-307 


>iparcQ Cj pnnodontidcn 



366-388 

Lcopon, N G 1941 Differenziamcnto sessuale delle gonadi i 
transitona m Gambusia Holbrookii Grd Arch ilal Anat e embri 
pp 179-204 

1942 Inversione 'penmentale dclle gonadi femmmili di G 

brooA.tiGid trattata con tostostcrone Momtore Zool Ilal,yol 5: 
Le\ enslem, I 1939 The qrtology of the pituitary gland of two var 
fi‘’h CarassiHS aurntus L with some reference to \anable factors 
which may possibly be related to the diffeient morphological typt 
vol 24, pp 47-60 

LcMne, Michael 1948 The cytology of the typical and the amr 
nomas Spec Pub N T Acad Science 4 pp 177-215 
Lewis, R C 1944 Selcctue breeding of rainbow trout at Hot Cn 
CaliJ Fuh and Game, \ol 30(2) pp 95-97 
Lewi'*, Warren H 1912 E\peiiments on localization and regene 
embryonic shield and germ ring of a teleost fish (Fundulus helcroi 
Rcc,\ol 6 pp 325-333 

1943 The role of tlie superficial gel layer m gaatrulation of 

egg Anal Rec , vol 85 p 326 

Lews, Warren H, and Edward C Roo«cn-Runge 1943 The fori 
blastodisc in the egg of the zebra fish, Drachydamo reno Anal 
p 326 

Li, Mm H«ia, and F M Baldwin 1944 Te&ticular tumors i: 
iXtpkophonti hellcn) receiving sesame oil Proc 5oc Cxp Bit 
57(1), pp 105-167 

Lisaman, H W 1932 Die Umwelt des IvampfRsches (.Bella splen 
Zcil tCTgl Phy$iol , vol 18 pp 65-112 
Llo>d, r E 1912 The carnivorous plants Chronica Botanica C 
Mass Pp XV 4- 352 

Luckc, B , and H Schlumbcrgcr 1942 Common neoplasms m fish 
and reptiles Jour Tech Methods Bull Internal dssoc Med 1 
pp 4-16 

McCay, C M and A M Philbps, Jr 1940 Feeds for the fis 
Pfogr Fish Cult , no 52, pp lS-21 

^IcIIugh.J L , and D W Walker 1913 Rearing marine fishes m tl 
Call/ Pis/i and (7amc, \ol 34, pp 37-33 
McVa>, J A, and Helen W Kaan 1940 The digc''li\e tract 
<iura(us litul Bull, \ol 78, pp 53-67 
Macht, DaMil L 19t3 Ichthjomciric compart'-on of cobra \enoi 
and sipomns froc Soc Exp Ifxot Med, \ol 52(2), pp HI-113 



RErERCNCES 


430 


Lnpcnla, V A 1932 Ph 3 Siolopic*il a«'sa> of ghico'^ulos, toxins, nnti poi«ons on 
goldfi'h Cara'^stm aumtus Proc Indiana Acad Science, ^ol 41, pp 445-448 
Leo, H F 1936 On behalf of tlio tnodakn Aquanum,\o\ 5, pp 139-142 
Leincr, M 1934a Die drei curopai<»che Sticldmgo iGattero’^tciis acxdealus L , 
Gaslcrosleus prcgmliiis L , und Gaitcrostcus spiuaclm L ) und ihre Krcurimgs- 
produkte Zexl Morph OKel Ficrc, \oI 2S, pp 107-151 

1934b Bcitrago zur ontogencti«chon Enlwicldimg der <lrei europaischcn 

Stichhng<=artcn xmd ihrcr Kreuzung^produLle Ztxi tnss Zool , xol 145, pp 
3C6-3SS 

Leopon N G 1941 Difforcnziamenlo •5c«‘suale dellc gonadi mtcr«cssnlalita 
transitorn m Gfiinbu«n //ofhroolu Grd Arc7t tin? Antti eemhnol,\o\ 46(2), 
pp 179-201 

1912 Imersionc «ipcnment\Io doUc gonndi femminih di Gambusta Hol- 

brooUi Grd trattnt v con Icstosterono Afojii/orc 2ool 7/nl,vol 53, pp 117-131 
LexonsJem, I 1939 Tho cjfologj of the pitiiitan gland of tno varieties of gold- 
fish Carasstns aiiratua I uith some reference to variable factors in the gland 
which maj po^‘?ihly bo related to the different morphological tj pcs Zoohgica, 
vol 24, pp 47-60 

Levine, Michael 1948 Tho c>tofogy of the (vpical and the amelanotic mela- 
nomas Spec Pub N I Acnd Science 4 pp 177-215 
Lewis R C 1944 Selective breeding of mmliovv trout at Hot Creek Hatchery 
Cob/ Fwh end Game, vol 30(2) pp 95-97 
Lewis, Warren H 1912 Experiments on locahzition and regeneration m the 
embryonic shield and germ ring of a tcleost fish (Fundidus hclcroclitua) Anal 
Rcc,vol 6 pp 325-333 

1943 The role of the superficial gel layer m gastrulation of the zebra fish 

egg Anal Rcc,\ol 85, p 320 

Lewis, Warren H , and Edward C Roo^cn-Rungc 1943 The formation of tho 
blastodise in the egg of the zebra fish Rroc/tj/dnnto reno Anal Rec, vol 85, 
p 326 

Li Mm Hsm, and F M Baldwin 1944 Testicular tumors in the teleost 
{Xtphophorus hcllen) receiving sesame oil Proc Soc Exp Biol Med, vol 
67(1), pp 165-167 

Lissman, H W 1932 Die Umwelt des Iiampffi'sches (.Bella splcndens Regan) 
Zcit vergl Physiol, vol 18 pp 65-112 

Lloyd, r E 1942 The carnivorous plants Chronica Botamca Co , Waltham 
Mass Pp XV -f 352 

Lucke, B , and H Schlumbcrger 1912 Common neoplasms m fish amphibians 
and reptiles Jour Tech Methods Bull Internal Assoc Med Mm, vol 22 
pp 4-16 

McCaj, C M, and A M Phillips Jr 1940 Feeds for the fish hatcheries 
Progr Fish Cult , no 52, pp 18-21 

McHugh J L and B W Walker 1948 Rearing marine fishes m the laboratory 
Cahj Ftsh and Game, vol 34, pp 37-38 

MeVaj, J A, and Helen W Kaan 1940 The digestive tract of Cnrassius 
auratus Biol Bull, vol 78, pp 53-67 

Macht, David L 1913 Ichtlijomctnc compan‘!on of cobra venom, morpluno, 
and oapoains Proc Sac Exp Biol Med, vol 52(2), pp 111-113 



440 riSHES AS LABORATORY ANIMATES 

Marsh M C lOOS Kolca on the di'^ohed content of water in its effect upon 
fishes BuH V S But Ftsh , \ol 28 pp 89J-000 
Marza, ^ D , Lugenic V Marza, and Mary J Guthrie 1937 Histochemi“tr> 
of the oiarj of Fufidulua hettrochtus ftjth Fpcml reference to the differentiat- 
ing oocjtcs fJiof Buff,\ol 73, pp 6i-02 
Matsiibara, S 1903 Goldfish and their culture in Japan Bidf U S nitr.Ftak, 
vol 23 pp 381-393 

Matsm Yoshiichi 1925 On the wart growllia of Japanese Iionhcad poldli*h 
dnnof Zool Japan, \o\ 10 pp 355-3C2 

1934 Genctical studies on Boldfisii of Japan Jotir Imp Fuh /nil.aol 

30 pp 1-9C 

Matauura Y 1931 Influence of temperature upon the action of potassium 
chlonde on the heart boats of Oryziai Jour Foe Science Tokyo Umv, \ol 3, 
pp 509-516 

Matthews, Samuel Arthur 1933 Changca in the retina of Fundului after cutting 
the optic ner\e and the blood \e«*;el3 ninning to the e>c Jour Exp Zool, 
\ol 66, pp 175-191 

1937 The deielopmcnt of the pitmtao gland in Fundulus Biol Bull, 

vol 73, pp 93-03 

— — lOlB The seasonal c>cle m the gonads of /*wndufiif Diol Bull , vol 75 
pp 60-74 

—— 1039a The effects of light and tcmperjtiire on the male W’cual cjcle in 
Funditlm Biof Buff, vol 77 pp 93-95 

— 1039b The relationship lictwecn the pituitary gland and the gonad* in 

Fundulus Biol Bull, vol 70 pp 211-250 
Mejer, Henry 1933 Invcsligations concerning the reproductive bchaMor of 
Mollicnisia "Jormosa" Jour Genetics, vol 36(3), pp 329-3GC 
Miller, Laurence F 1014 An expenmentat etud> of the cficct of softened waters 
on fish Ecohffv, ' ol 25, pp 249-253 

Mitsukun, K 1904 The cultivation of marine and freshwater animals In Japan 
Bull V S Bur Fts/i.vol 21. pp 2C6-273 

Mookerjee H K, and S P Basil 1916 On the ppiwning habits and develop- 
ment of Oryzias mclaiCigma (McClelland) Calcutta I/tiiii , Jour Dept Science, 
newser.vol 2, pp 22-50 

Mookerjeo 11 K , G N Mitra and S R Mazumdar 1910 The development 
of the vertebral column of a viviparous Iclcost Lebules reliculalua Jour 
Morph, yol 67, pp 241-270 

Morgan, T II 1927 Expenmcnlal embryology Columbia Univ crsity Press, 
New York Pp xi + 7C0 

Muenscher \\ C 1914 Agnatic plante of Ihe Untied Stales Comstock Pub 
Co , Ithaca Pp x -f 374 

Nachmansohn David 1946 Chemical mechanism of nerve activity Annals 
N Y Acad Science, vol 47(4), pp 395-428 
Needham J G , and J T Lloyd 1916 The life of inland uaters Comstock 
Pub Co , Ithaca Pp 1-438 

Needham, J G , et al 1937 Culture methods /or inierlebrale animals Com- 
stock Pub Co , Ithaca Pp xruii + 590 

Newman, H II 1907 Spawning behavior and sexual dimorphism m Fundulus 
heteroclilus and allied Biot Bull, vol 12, pp 314-31S 



REFEBENCES 


441 


Nichita, G 1928 Contribution a I'etude dc I'atrcsie folliculaire chez lea Vcrtebres 
R^sultats obtenus sur Girardinus guppyi Arch anal micro Pans, vol 24, pp 
33-72 

Nidiolas, J S 1927 Application of experimental methods to the study of 
de\ eloping Fiindulus embrjos Proe Nat Acad Science, vol 13, pp 695-698 
Nicholas, J S, and J Opponheimer 1942 Regulation and reconstitution m 
Fundulus Jour Exp Zool,'\o\ 90(1), pp 127-157 
NigreUi, R F 1938 Fish parasites and fish diseases I Tumors Trans. N.Y. 
Acad Science, 2nd Bcr , \ ol 1(1), pp 4-7 

. 1943 Causes of disease and death of fishes in captivity Zoologica, lol 

28(22), pp 203-216 

1947 Spontaneous neoplasms in fishes III Lymphosarcoma m Astyanax 

and jCsoi Zoolopicn, \ ol 32, pp lOl-lOS 
NigreUi, R T , and C M Bredor, Jr 1935 Histological changes m the prolapsed 
intestine of a fish, Jlfolhcnism lottpumo LeSucur Copetn, (2), 65-72 
Noble, G K 1938 Sexual selection among fishes Btol Rcv,\o\ 13, pp 133- 
158 

1939 The experimental ammat from the naturalist’s point of view 

Amer Naturafist, vol 73(745), pp 113-126 
Noble, G K , and R Borne 1910 The effect of hormones on the social 
hierarchy of Xiphophorus ficltcn Abst.Anol Rec,yo\ 78, suppl (4), p 147 
Noble, G K , and R Borne 1941 The effect of forebram lesions on the sexual 
and fighting behavior of Bella splendens and other fishes Abst, Anal Jiec, 
vol 70(3), suppl 2, p 49 

Noble, Q K , and B Curtis 1939 The social behavior of the jewel fish Ncntt- 
c/iromis bimacufatus Gill Bull Amer Mus Nat //tst , vol 76(1), pp 1-46 
Noble, G K , K F Kumpf, and V N Bdhngs 1938 The induction of brooding 
behavior m the jewel fish Endocnnology, \ol 23(3), pp 353-359 
Norman, J R 1948 A history of fishes A A Wyn, New York Pp xv + 463 
Oguma, Kan, and S Makino 1832 A revised check-hst of the chromosome 
number m v ertebrata Jour Genetics, v ol 26, pp 239-254 
Oka, T B 1931a Effects of the triple allelomorphic genes m Oryzias latipes 
Jour Fac Scienee Imp Vmv Tokyo, ser 4(2), pp 171-178 

1931b On the processes of the fin-rays of the male of Oryzxas latipes and 

other sex characters of this fish Jour Fac Science Tokyo Umv , vol 2, pp 
209-218 

1931c On the accidental hermophroditism m Oryzias talipes Jour Fac 

Science Imp Tokyo Vmv , ser 4, vol 2, pp 219-224 
Ono, Yo<5hiaki 1927 The behavior of cells la tissue culture of Oryzias latipes 
with special reference to the ectodermic epithelium Annol Zool Japan , 
vol 11(2), pp 145-148 

1937a Orienting behavior of Oryzias lalipcs and other fislies Jour Fac 

Science Tokyo Vmv, vol 4, pp 393-400 

1937b Conditioned onentotion of the fighting fish Jour Fac Science 

Tokyo Vmv ,\o\ 4, pp 401-412 

Oppenhoiracr, Jane M 1936a The development of isolated blastoderms of 
^’imrfufus hctcrocfitus Jour Exp Zool,\ol 72, pp 217-269 

. 1930b Transplantation experiments on developing teleasts Fundulus and 

PcTca Jour Exv Zool, vol 72, pp 405M37 



442 FISHES AS IJIBOBATORY ANIMALS 

Oppcnhcimer Jane M 1036a I>roc<“»i-) of localizalion in dcielopmi! fiimlalu 

Jour Exp Zool \ol 73(3) pp 405-441 . , „ ,,1 ro 

15)37 Tlic normal stages of Funtiulua hflcroclitua Anat liCC, 'Ol os, 

1917 OrKinuahon of the tctco«t blaslwlrrm Quart Rev Btol , ^ol 

22(2) pp 105-118 , , 

Oaono TaWl B F 1013 ObponaoonM eobre h fnim-i aciiaticn dc las cuc%a3 
dc la region de Valles San Ltus l*oto«i (Mexico) Itev toe mexxcana hut vat , 
vol 4(12) pp 43-71 

Parker G II lOlS 4ninirtf cofour and thetr ncuTohumours Cambridge uni- 
versity Prc«s Pp vn + 377 

Pclluet D lOU Critcni for Ihc rrcognition of dcielopmentnl singes m llic 
«almon Snfnio snlnr Jour Aforpfi rol 74(3) pp 303-407 
Perry, Frances 1038 ater unTdemng Country Life London Pp XM-pSSS 
Philips Fret! S lOJO Oxjgon connimplion and its inhibition in the develop- 
ment of FundultiS and various pelagic fi'h eggs Rtol Dull, vol 78 pp 25C-274 
Phillipi Erich 1900 For(pflanxnng»ge«cliicbte dcr vivipnrcn Teleostecr Gian- 
dichlhys jonunnus und G dcccm-maeulatua in ilircm rinfliiis mil 1 cbenswci'c, 
makroskopische und mikroskopi'chc Anatomic Zool Jahrb, Abtctl f Anat 
Ontoffcmc dcr Tierc, vol 27, pp 1-91 

Phillips A M Jr and D R Drockvvay 1918 Vitaminology Progr Fuk Cull , 
vol 10(3) pp 117-121 

Pickford Grace E and rme«t F Thompson 19J8 The effects of pimfied mam- 
malian growth hormone on the kiHifi«)i tPundMfMj hcfcrociibis (I mn )1 Jour 
Exp Zool vol 109(3) pp 3G7-3S3 

Plehn M 1924 Profctifeum dor rtschfcranfchciWn E Schwciaetbart’bche Verjags- 
buclihandlung Stuttgart Pp 1-179 

Pond R n 1918 The larger aquatic vegetation Pp 178-209 in ^rc«h uater 
btalcff!/ John Wiloy A Sons New \oii. 

Potter, G E and A D Medlin 1935 Organognphy of Gambutia patruefn 
(Daird and Girard) Jour jl/orph,vol 57, pp 303-316 
Price, J W 1934a The embryologj of the whitefi«h Coreponu# clupcaformu 
(MUchill) I 0/ito Jour Science, vol 34 pp 287-305 
1934b The embryology of the whitcfish Coregonus clupealormts (Mitchill) 

II Organogcncgis Ohto Jour Science, vol 31 pp 399-414 

1935 The embryology of the whitcfisK Coregonus clupealormta (Mitohill) 

III The second half of the incubation penod 0/uo Jowr Science, vol 35, 
pp 40-53 

1939 The time temperature relations m the incubation of the wlutefish, 

Coregonui cfupco/ormw (Milchill) Jour Gen Phys,\o\ 23(4) pp 449-468 
Purser, G L 1937 Succession of broods of Lebuiics Aafure, vol 140, p 155 

1938 Reproduction m JLcbistes reticulalus Quart Jour Micro Science, 

vol 81(1), pp 151-157 

1911 Sex dimorphism m the fina of Eebules reticulatua Quekett iVfiCTO 

Club, vol 1 pp 172-178 

Ralston E M 1931 A of the chromosomes of Xipkophorus, Platypoe- 

alus and of Xiphophoriu Platypoealua liybnds during spermatogenesis 
Jour Morph, vol 56 pp 423-433 



REFERENCES 443 

Rasmu««en E 1948 Spawning and earl> development of Epiplatys chapen 
Aqxianum JouT ,\q\ 19(5), pp 23-26 

R'i=qum, P 191G On the reappearance of melanophores m bimd goldfish 
Gopeict, (2), pp 85-91 

1947 Progreesive pigmentary regression m fishes associated with cave 

environments Zoologicci, \o\ 32(4), pp 35-42 
Reed H D, and M Gordon 1931 The morphology of melanotic over-growths 
in hjbrids of Mexican killifishes ylmcr /our Cencer, vol 15(3), pp 1524-1546 
Regnier, Mane-Theresa 1938 Contribution n I’clude de la sexuahte des cy- 
prmodontes \niparcs (Xtphophorus hellcrt, Lebistes reLiculalus) Bull biol 
France et Belgique \ol 72 pp 385-493 

Reighard J E 1890 The development of the wall-eyed pike Stizostedion 
vitreum Raf 9 Biennial Rept Mich State Bd Fish Comm , Appendix, pp 
95-158 

1906 The breeding habits development and propagation of the black bass 

16 Biennial Rept Mich Slate Dd Fish Comm , Appendix pp 1-63 
Rice, Victor A 1942 Breeding and improvement oj jarni animals 3rd ed 
McGraw-Hill New York Pp 1-750 

Richards A 1917 The history of the chromosomal vesicles in Fnndulus and 
the theory of genetic contmuit> of chromosomes Biot Bull, vol 32, pp 249- 
290 

1935 Analysis of early development of fish embryos by means of the 

mitotic index I The use of the mitotic index Amcr Jour Anat, vol 66 
pp 355-303 

Richaids A, and R P Potter 1935 Analysis of early development of fish 
embryos by means of tlie mitotic index II Mitotic index in the preneural 
tube stages of Funduhis Aeterocbttts Amcr Jour Anaf, vol 56 pp 365-393 
Roberts Hervey 1935 Epiplatys (Panchax) chapen Aquanitm, vol 4, pp 
10-12 

Robm«on E J , and R Rugh 1943 The reproductive processes of the fish 
Oryztas latipes Biol Dull,\o\ 84(1) pp 115-125 
Roo«en-Rvmgo E C 1938 On Uie early development — bipolar differentiation 
and cleavage — of the zebra fish, Brachydanto reno Biol Bull, vol 75 pp 
119-133 

1939 Karyokme‘*is during cleavage of the zebra fish Brachydamo reno 

Biol Bull, vol 77, pp 79-91 

Rugh Roberts 194S Experimental embryology 2nd ed Burgess Pub Co 
Minneapolis Pp 1-4S0 

Rust W 1911 Genetische XJntcrsuchiing uber die Geschlechtsbestimmimgstj'pen 
bci Zahnkarpfen unter besondercr Berucksichtigung von Artkreuzungen mit 
Platj/poectlus ranatus Zcit j InduK Abitamm 1 crerb , vol 79 pp 336- 
395 

St Amant L S 1911 The effoct of castration and treatment with ethm>l 
te&tostoroac on the development of the gonopodium of Gambusta aSints 
Abst, Anat Pec, vol 79 pp 53-54 

Siimokhv alov a G V 1933 Correlition in the development of pccondao 
sexual characters and the sox gland in Lchislcs rchculalus (m Russian with 
English summarj ) Trans Dynamics Dei cl, ^ol 7, pp 65-76 



444 FISHES AS LABOnATORV ANIMALS 

Samokhvalova, G V 1035 The mlli.ei.ee of the X-ms . on the ees nonail and the 
secondaij ectual ehanetcis m Lehailea rcl.eiilelea (in luvnn it. h EnElt 
aunranry and concluoonil Traai Oliaom.ct Detel. lol 10, pp 21^HS 
Sa«aki, K 1020 On the pc'c ratio m Cani«*m« auralus Sacncc jeept. 1 o 


Imp Vmv , 4th ecr vo! 1 pp 220-23S , , c , n 

Schaperchua Wilhelm 1911 Fischkrankhatcn GuatftS \\ enzcl A. Solm, Braun- 


scnweig rp i-aw , , 

SchamberR J T, and D I uckc 1922 Fibro^areomn of the akm in a roKHimi 
(C arajsim Qurotua) Jour Cancer Rea ,\o\ 7(2), pp 151-101 
Schlagel S R, and C M Drcdcr, Jr 1917 A ftud> of the oxjgcn con«ump- 
tion of blind and eyed caNe characins m liglit and in darkness Zoologtcn, 


\oI 32(2). pp 17-27 

Schlumberger, H G . and B Luck6 191S Tumors of fi“he«. amphibians and 
reptiles Cancer Rea , ^ ol 8, pp 657-751 
Schme>, Max 1911 Bhcr Neuhddungen bn FiAchcn Franlfurlcr Frit / 
Path, \ol 6, pp 230-252 

Schmidt, Jobs 1919 Racial studies on fislies III Experiments with Lcbuilca 
Jour Genetics, \ol 8 pp 147-153 

Schuett, F 1931 Studies in maes ph>«ioloio the octnil\ of Roldfidi under 
different conditions of ngurcRition Eeoloov^ 'ol 15 pp 25S-2C2 
Schultz, L P , and E M Stem I91S The tcaya of fithea D Van >«o«tmnd 
New York Pp xu 4-261 

Sehwier, Heinz 1913 Vitahtatsuotcrsuchungco on norrnaten und albiDoti*chcn 
Makropoden Zool dnz.iol t43(H) pp 33-11 
Scott, J L 1914 The effects of steroids on the skeleton of the poecihid fi«h 
Lehtstea reticulatua Zoologiea, vol 29(7), pp 40-52 
Scnm«haw, N S 1914a Embryonic prowlli m the amparous poeciliid, J/cler- 
andrw /ormoso Dial DuU,\o\ 87(1). pp 37-61 
— — 1944b Superfctation in pocciliid fishes Copeut, (3), pp ISO-183 

1945 Embryonic dciclopment in poccdiid fehes Riol Rulf.vol 8S(3), 

pp 233-216 

1916 Egg sire in poecihid fishes Coprta, (I), pp 20-23 

Seal, TV illiam P 1911 Breeding habits of viviparous fishes Gambuata holbrooktx 
and /Jclcrandno formosa Proc Dtol Soc irasAmpton, \ol 21, pp 91-90 
Seeton, F E 1934 Another ca«e of meta! poi-mmng Aquanum, %ol 3, pp 
18-19 


Seitz, A 1940 Die paarbildimg bei einigcti cichlidcn I Die paarbildung 
bei Aitatolifopw atriffigena Pfeffer Zett Tierpaychol, vol 4, pp 40-S4 

Self, J T 1940 Notes on the «cxual rjcle of Gambuaia affinxa afflnta, and notes 
on its habits and relations to ino«quito control Amer Midland Aaturofist, 
sol 23, pp 393-398 

Shelford.V E 1918 Conditions of existence Pp 21-60 m Fresh water btofopv 
John Wiley & Sons New York 

Shlaifcr, A 1938 Studies in mass physiology effect of numbers upon the 
oxygen consumption and locomotor activity of Caraaaius auratua Physiol 
Zool, vol 11(4), pp 408-424 

■ analysis of the effect of numbers upon the oxygen consumption 

of Caraesttn auratue Physiol Zool, vol 12 ( 4 ), pp 381-392 
1940 The locomotor acbvity of the goldfish, Corasetus auratus L, under 



RErCRENGES 


445 


\anovis conditions of homo4pic and heterotypic grouping Ecology, \ol 
21(4), pp 4S&-600 

Shoemaker, H H 1944 A laboratoiy study of fish populations Trans Amer 
Ft<sh Soc , \ol 74, pp 350-559 

Smith, D C, and G M E^crett 1943 The effect of thyroid hormone on 
growth rate, time of sexual difforentintion, and oxygen consumption m the 
fish, Lebislcs Tcliculatus Jour Exp Zool,vo\ 94, pp 229-240 
Smith, George Milton 1930 A mechanism of intake and expulsion of colored 
fluids by the lateral canals as seen experimentally m the goldfish Bwl Bull , 
vol 5S pp 313-321 

1931 The occurrence of melanophores m certain experimental wounds 

of the goldfish (Carasstus nuratws) Btol Dull, \ol 61, pp 73-84 

1932a Melanophores mduced by X-ray compared with those existing in 

patterns seen in Carassius auralus Dial Bull, vol 63, pp 484-491 

1932b Eruptions of corial melanophores and general cutaneous melanosis 

m the goldfish (Carassius auralus) following exposure to X-ray Amer Jour 
Cancer, vol 16, pp 863-870 

Smith, H M 1909 Japanese gold-fish W T Roberts Co , Washington Pp 
1-112 

1945 The fresh-water fishes of Siam or Tlmiland Bull U S Nat Mus , 

vol 1S8 pp XI -I- 622 

Smith, H W 1930 Metabolism of the limgfish, Protoplerus acthiopicus Jour 
Biol Chem,\o] 88, pp 97-130 

Snow, J W 1918 The frcsh-walcr algae Pp 115-177 in Fresh uater biology 
John Wiley & Sons New York 

Solberg A N 193Sa The susceptibility of the germ cells of Oryzias latipea to 
X-radiation and recovery after treatment Jour Ezp Btol, lol 7S, pp 417-439 

1938b The development of a bony fish Propr Fxah Cull , no 40, pp 1- 

19 


1938c The susceptibility of Fundulus hctcrochtus embryos to X-radiation 

Jour Exp Zool, vol 78 pp 441-465 

Stanley, L L, and G L Teschcr 1931 Actnily of goldfish on testicular sub- 
‘ttance diet £^nrfocnTiofo0y, lol 15 pp 55-93 
Stanley, L L , and G L Tescher 1932 Weight of goldfish influenced by testicu- 
lar substance diet Endocrinology, aol 16, pp 153-164 
Stockard C R 1907 The influence of external factors, chemical and physical 
on the development of Fundulus ketcrocblus Jour Exp Btol, vol 4, pp 
165-201 

1921 De\ clopmental rate and structural expression, an experimental 

study of turns, double monsters, and single deformities, and the interaction 
among embryonic organs during Ihcir ongm and development Amer Jour 
Anat,vol 28, pp 115-278 

Slone, L S 1040 Reimplantation and transplantation of eyes m anuran larvae 
and Fundidt« hctcrochtus Proc Soc Exp Btol Med , vol 44, pp 639-641 
Stoye, F H 1035 Tropical fishes for the home Carl Mertena Pub New 
York Pp 1-2S4 


1917-lOlS The fishes of the order Cypnnodontes Aguanum Jour, vol 

18(2), pp 4-11, \oI 18(5), pp 21-26, vol 18(7), pp 4-7,34, vol 18(9), pp 9- 



410 Fisurs AS laboratohy animai^s 

Sumner F B 19J3 A furllicr report on the cffcels of the environment 

on the moUnin content of fi«ho» lltol Buf/.vol SI. pp 195-20.) 

Sumner F B and N A Veil- 1935 Some r.htion« iK-tween re-ptn'toO 
molal)oli«m m fidie* and nioeeptihilitj to cerlam iine-lhetir-« and lethal 
npents /hof Buff vol C9 pp 36S-378 

Snrber E B I9JS ChemiMl rontrol apenH and Iheir rJIrcla on fi«h Ero^r. 
FishCvU,\o\ 10 pp 125-131 

Svurdson Gunnar 1913 Studien Hl)er den Zu-ammenlrnnK iwivh* n Cr«(hlec1itv 
reife und B’ach'tum l)ci /^ebnles Mtddl Kungt l^utbrukKityrrUrn, voi 
21, pp 1-lS 

1911 Polygenic mhcntance m Lebutt* Ark f Xonl , \ol SflVfO), pp 

1-0 

1915 Chromosome fludiea on Salmonidic Ut]>l Suedisft Slntt Inst 

FrcshAValCT Fuh lies DroUtngholm, no 23. pp 1-151 
Svardson G , and T BicUiom 1912 Tl»e eliromo«ome« of two Kpcrie- of Ana- 
bnntidac (Tclcosfci), with a new cw of h-x reurMj Hcreililtir »ol 2S PP 
212-210 

Swingle, H S, and E V Smith 1917 ManiRemenl of farm fi*h pond« Bu/f 
Alolinma Poluteck Agr Fxp Sta 251 pp 1-30 
Takaha'hi Keizo 1931 btudiM on turnon of fi-hc^ from Japanev* water* 
J’roc Fi/fh Eaei^c Set Cony.aol 5 pp 4151—1155 
Tavolga, Margaret C 1919 Differential effetta of ntndiol lientoitc nnd preg- 
tienmolone on PfalV7>oeet/ii3 niaetihifu-i Zoofoyteo \o) 31, pp 215-237 
Tavolga, William N 1919 I mhryonic development of the pl»ljfi«h (Ptaly 
poealwi), the svrordtail lAtphop/ionu), and their h>briiU Hull Amer .Uut 
Nat IItst,%al 91(4), pp 191-230 

Tavolga, Billiam N, and Ilo.«a F Nigrclli 1917 Studies on Coitw neenIriJ 
(Hennegu)) Trans Amer Mtero Soc, vol C6(4), pp 390-378 
Tavolga, Billiam N, and R Itugh 1917 Development of the plat>fi*h, 
Platypoectlus maeulatus Zoologica, vol 33, pp 1-15 
Tchemavin V 191^1914 The hreedioE characters of salmon in relation to 
their size Proe Zool Soc London, aol 113(B)1V, pp 20G-232 
Thomas, L 1931 Les tumours dcs poissons (etude amtomique ct palhogcniquc) 
Bull assoc Jranc letude du eaTtceT,xo\ 20, pp 703-7G0 
Thomer, M B' 1829 Recovery of the heart l>eat of Furididus embr>09 after 
stoppage by potassium chloride Biol Duff, vol 50, pp 157-103 
Timm, J A 1932 Oxygen m aquarium water m ‘Science u our hobby” 
Aquanum, vol 1, pp 131-132, 142 

Tinbergen N , and J J A Van Icrbcl 1917 “Di'qiHcomcnt reactions” in the 
three spmed stickleback Behavior, vol 1(1), pp 50-03 
Tomita, G 1936 Mclanophore reactions to hglit during the early stages of the 
paradise fi«h Macropodus opercuhms Jour Shanghai Science Inst, sec 4, vol 
2, pp 237-264 

Toyama, K 1916 On a few Mendelian characters Jour Jap Breeding Soc , 
vol 1, pp 1-9 

Tuchmann, 11 1936 Action de Ihypophysc sur la morjihogenesc et la differen- 

cialion sexueiie tie G’lrardinti* jjuppu C r soc bio{,%ol 122, pp 162-164 



BEFERENCES 


447 


Tung, Ti-chow, Chin-ye Chang and Yii-fung-jeh Tung 1945 Experiments on 
the de\elopmental potencies of blastoderms and fragments of teleostean eggs 
■separated latitudinally Proc Zool Soc London, \ 61 115(42), pp 175-188 
Tunison, A V 1945 Trout feeds and feeding U S Dept Interior, Fish and 
Wildlife Seia ice, Boston, Ma'^s Pp 1-21 
Turner, C L 1937 Reproductive cycles and superfetation m poeciliid fishes 
Btol Bull, vo! 72, pp 14&-154 

1939 The pseudo amnion p^eudo-chorion, p<5eudo«placcnta and other 

foetal structures in vniparous cyprinodont fishes Science, \ol 90, pp 42-43 

1940a Pseudoamnion psoudocliorion and follicular pseudoplacenta in 

poecihid fishes Jour Morph, \ol 67(1), pp S9-S9 

1940b Superfetation m viviparous cyprinodont fishes Copeia, (2), pp 

88-91 

1911a Morphogenesis of the gonopodium m Gambusia afints affints 

Jour Morph, \o\ 69(1), pp 161-185 

1941b Regeneration of the gonopodium of Gnmbusin during morpho- 
genesis Jour Exp Zool , 1 ol 87(2) pp lSl-209 

1941c Gonopodnl characteristics produced m the anal fins of females 

of Gambusia affmxs afinis by treatment with ethinyl testosterone Biol Bull 
vol 80(3), pp 371-3S3 

1942a A quantitative «itud> of the effects of different concentrations of 

ethynyl testosterone in the production of gonopodia m females of Gambusia 
afinis Physiol Zool, vol 15 pp 263-280 

1942b Morphogenesis of the gonopodial suspensonum in Gambusia 

affints and the induction of male suspensonal characters in the female by 
androgenic hormones Jour Exp Zool, vol 91(2) pp 167-193 
1942c Sevual dimorphism in the pectoral fin of Gambusia and the induc- 
tion of the male character m the female by androgenic hormones Biol Bull, 
vol 83, pp 3S9-400 

Umrath K 1939 Uber die Vererbung der Farbung und des Geschlechts beim 
Schleierhampff5'!ch Bella splenderis Zeil / InduK Ab^lanim Vererb , vol 77, 
pp 4SO-454 

Van Oordt, G J 1925 The relation between the development of the secondaiy 
sex characters and the structure of the testis in the telcost Xtphophorus 
hcllen Hechcl Bnt Jour Exp Biol , vol 3, pp 43-59 

192S Tlie duration of the life of Uie spermatozoa m the fertilized female 

of Xtphophorus hellcn Regan Ttjdtchr Med Dierh Vereen, vol 3, pp 1-4 
Vaupel, J 1929 The spermatogenesis of Lcbistcs rcttculatus Jour Morph , 
vol 47, pp 555-587 

^YalkeT, R , and G C Bennett 1945 Size relations m the optic system of 
tole«!CDpe-oyed goldfish Trans Conn Acad Arts Science, vol 36 pp 379 
Wallbnmn, H M 1918 Genetics of the Bctta gpteiirfcns Abst,i?cc Genetics 
Soc Amt r, vol 17, pp 62 

Walls, G L 1912 The v crlebratc ej c Bull Crnnbrook Inst Science, vol (19), 
pp XIV -f 785 

Ward,H B andG C IMiipplc 1915 Fresh-xcnlcrbwlogy JohnMile> d, Son« 
New York Pp ix+1111 



44S FISHES AS LABOHATORY ANIMALS 

Warmke, H E 1911 U'C of the killifish, Fundulus hclcToeliluf, m the a.«®iy 
of marihuana Jour Amcr Pharm A$we,\o\ 33, pp 122-125 
Waterman, A J 1039 F/Tects of ?4-<linjtrophcnol on Uie early doxclopmcnl ol 
the tclcost Ori/rini Intipc* Biol fiu((,%oi 76(2), pp 1C2-170 

lOlCh Contractile actuily of the cxtrfl-cmbr>onic cells during early 

development of Orj/ 2 ia* falipes Ab«t,Anat /(ce,vol 78 euppl , p IS-) 

1910b Efiects of colcliicinc on the development of the fidi embrjo, 

Oryziai latipcs Bwl Bull, vol 78, pp 29-31 
Wci'man, A and C M Rothbunl 103S Tlie care and handling of the 
European bittcrling as an cxpcnmcnlal animal in endocrine rc'earch En- 
doennoloQV, vol 23(1), pp 19J-10C 

Wells, N A 193Sa The influence of tcmpcraliirc upon the respiratory metabo- 
lism of the Pacific killifi'h Fundufu* prtrttpmnM Phystol 7ool^ vol 8, pp 
19&-227 

1935b Variations in the re«piratoo' metaboli*m of the Pacific killifi*h 

Fundulus parvtptnnis duo to swe, poison, and continued constant temperatun’ 
PJiymof Zool, vol 8, pp 318-336 

Wlckbom, Torsten I9H The pox chromosomes of Cvpnnoifonttdae anil of 
teleo*ta in general with a li*l of new chromosome numbers m Cjprmodonlidac 
Ark / Zoof,Bd 33, no 10, pp 1--0 

— 1913 Cytological studies on the fim»l> C>pnnodonlidae Uercditat, 

vol 29, pp 1-24 

Wiebe, A H 1931 Notes on the expomre of pcvenl species of pond fi«hcs to 
sudden changes in pR Trans Amtr Micro Soc , vol 50, pp 350-393 
Wil«on, n V 18S9 (1891) Tlic cmbr>oloo of the sea ba«s {Serranus elronus) 
Bull V S Fisk Comm vol 9, pp 209-277 
Wmge, 0 1922a A peculiar mode of inheritance and its cytological explana- 

tion Jour (Icne(ies,yol 12, pp I37-I4I 
— 1922b One-eidcd masculine and scx-linked inheritance m Lebulcs retieu- 
lalus Jour Genetics, vol 12, pp 145-162 

1923 Crossing-over between the X and the ^ chromosome in Lebislee 

Jour Geneltes, vol 13, pp 201-217 

1927 The location of eighteen genes m Lcbules reCiculatus Jour 

Genetics, vol 18, pp 1-42 

1930 On the occurrence of XX males in Z,ebMfe« w ith some remarks on 

Alda’s so-called “Non-disjonclional” males in AplockcUus Jour Genetics, 
vol 23, pp 69-76 

1932 The nature of the sex chromosomes Proe Suth Inter Cong 

Genetics, vol 1, pp 343-355 

— ^ 1934 The experimental alteration of sex chromo^mes into auto*omcs 

and vice versa, as illustrated by LebisCes C r Lab CarUberg, eor phvsiol , 
vol 21, pp 1-49 

1937 Goldschmidt’s theory of ecx determination m Lymanlna Jour 

Genetics, vol 34, pp 81-89 

Wmge, O , and Eshen Ditlevscn 1938 A lethal gene m the Y chromosome m 
Lebulcs C r Lab Carlsberg, set pbynol , vol 22, pp 203-210 
Winge, 0 , and E«hen Ditlevsen 1947 Color inhentance and eex determination 
in Lebulcs Heredity, voL 1, pp 65-83 



REFERENCES 449 

Wolf, H T 190S Goldfish breeds and other aquanimi fishes Innes & Sons, 
Philadelphia Pp 1-3S5 

Wolf, Louis E 1931 The history of the germ cells m the viviparous teleost 
Pfatypoecifus Jour Morph, 'sol 52(1), pp 116-153 

1935 The use of potassium permanganate m the control of fish para- 
sites Trans Amer Fish Soc, \ol 65, pp 88-100 

1945 Dietary gill disease of trout New York Stale Cons Dept Fish 

Res RuH,\ol 7 pp 1-30 

Wunder, W 1930 Expcnmentellc XJntcrsucliungen am dreistachhgen Stichlmg 
(Gosterostciis aculeatus L ) nahrend dcr Laichtaeit (Kampfe, Nestbau, Laichen, 
Brutpflege) Zeit mss Biol Abt Zett Morph u Okel Tiere, ^ol 16(%), 
pp 453-498 

Wylie, Philip 1948 The Lemer Marine Laboratory Nat Hist, lol 57, pp 
312-319 

Yamamoto, T 193ia Studies on the rhythmical mo\ements of the early 
embryos of Oryzias laltpcs I General description Jour Fac Science Imp 
Unw Tokyo, \oI 2 pp 147-152 

1931b Temperature constants for the rate of heart beat m Oryzias 

latipes Jour Fac Science Imp Umv Tokyo, ser 4 vol 2, pp 381-38S 

1934 On the rhythmic movements of the egg of goldfish iCarassms 

ourotus) ^our Fac Science Imp Vntv Tokyo, vol 3(3) pp 275-285 

1936 Shrinkage and permeability of the chorion of Oryzias egg, with 

special reference to the reversal of selective permeability Jour Fac Sctence 
Imp Vmv Tokyo, vol 4 pp 249-261 

■ 1938 On the distribution of temperature con'’tants in Oryzias laltpcs 

Proc Imp Acad Tokyo, vol 14(10), pp 393-395 

1939a Studies on the rhythmical movements of the early embryo of 

Oryzias latipes IX Jour Fac Science Imp Unw Tokyo, vol 5(4,2), pp 
211-218 

1939b Changes m the cortical loycr of the egg of Oryzias latipes at the 

time of fertilization Proc Imp Acad Tokyo, vol 15, pp 269-271 

1939c Mechanism of membrane elevation m the egg of Oryzias latipes 

at the time of fertilization Proc Imp Acad Tokyo, vol 15, pp 272-274 

1940 The change in v olume of the fish egg at fertilization Proc Imp 

Acad Tokyo, yol 16, pp 4S2-485 

luclkin Warren H 1949 Thiaminasc, the Chastek-paraljsis factor Physiol 
Reis, vol 28(4), pp 389-402 

Zahl, P A 1933 A successful Caesarean operation in fish Aquatic Life, vol 
16, p 444 



15 - DROSOPHILA 


WARUEN P. SPENCER 
College of WoosteT 
Wooster, Ohio 


INTRODUCTION 

The inclusion of a section on Drosophila in a book otherwise de- 
^otcd cxclusncly to the care and breeding of ^e^tcbrates is a recogni- 
tion of the actual and potential advantages of these flies as laboratory 
animals They have been so widely and successfully used in genetics 
laboratories throughout the world, both m research and in laboratory 
courses, that a chapter on their care and breeding may seem unneces- 
sary However, it will be our purpo«c to present a summary of cur- 
rent methods of culture and to suggest certain improvements, which 
it IS hoped may be of value both to the high-school and college teacher 
or student working for the first tune with Drosophila and to workers 
in research laboratories 

The discussion will deal mainly with fundamental problems of cul- 
ture No attempt will be made to review all the techniques employed 
in such special fields as the cytogenetics of the salivary chromosomes, 
intra- and interspecific transplantation studies, radiation and other 
methods of artificial induction of mutations, and field and laboratory 
population studies 

\\ liile Drosophila have generally been used in genetic studies, they 
arc valuable laboratorj animals for experiments in in«ect physiology 
and animal behavior, in demonstrating life histones, mating reactions, 
host-parasitoid rclationMiips, bio-as«ays of insecticides and other chem- 
icals, and as food for many other laboratory-bred animals such as 
arachnids, fi«hes, and amphibians 

CUUTUUE ROOM 

For rcanng a few cultures of fniit-flics as demonstration material 
an> room where the temperature range most of the day is from 20® C 
450 
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to 25° C and the extreme fluctuations do not go below 10° C or 
above 27° C viU sei\e quite -well Where cultures are reaied outside 
of temperature cabinets they must never be exposed to direct sun- 
light, eien for periods as short as one half hour Such exposure is 
likely to result in killing or sterilizing the flies, owing to the rapid 
rise m temperature in the glass culture containers almost alv ays used 
Where Di osoplnla are to be reared extensively for research or even 
for laboratory class use, the choice of a room both for rearing and for 
examining the flies is an important consideration Too often in cli- 
mates where high summer temperatures are encountered the Droso- 
phila laboratory is found on an upper floor Even with refrigerated 
cabinets for rearing the flies the worker finds it difficult to examine 
them where temperatures aboi e 25° C are encountered At such high 
temperatures it is difficult to anesthetize the flies without killing them, 
and they come out of anesthesia so rapidl> that they are difficult to 
handle Eoggmg of raicioscope len«es and eyeglasses is also exasper- 
ating 

If possible the Drosophila laboratorj, particular!} in summer, 
should be located in a cool basement or first-floor room If this is 
impractical an air-conditioned room large enough to accommodate all 
workers should be provided In a basement room both diurnal and sea- 
sonal temperatures will generally fluctuate less Incubators and re- 
frigerating cabinets installed in such a room can be adjusted to the 
desired temperatures with a minimum use of thermostatically con- 
trolled heating and cooling units, which is in itself a safeguard against 
thermostat failure, and results in a more uniform temperature within 
the cabinet 

TEMPERATURE CABINETS 

For studies in physiological genetics, developmental rates, life cycles, 
and even accurate linkage work rather exact temperature controls, 
With fluctuations of less than one centigrade degree, are needed Even 
for keeping stock cultures and routine experimental work a senes of 
temperature cabinets is a distinct advantage They make possible 
tlie elimination of much work bj keeping stocks at relatively low tem- 
peratures In our laboratorj stocks kept at 20° C arc now changed 
once m two months, and may be allowed to nm even longer At 
25° C thc> would need changing in three weeks to a month On the 
other hand bj placing experimental cultures m cabmets at optimum 
temperature much time or rntber space can be «avcd In a continuous 
rc«carcli program on rapid!} breeding forms the actual time that a 
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generation requires makes little difference in the amount of -nork done 
But for a longer time per generaUon more incubator space and more 
culture bottles are needed to accomplish the same amount of work per 
unit time Where several ivorkers arc carrjmg on projects simul- 
taneously this may be an important factor Furthermore, in genetics 
courses ^hich may run only a feu months, the speeding up of expen- 
mental uork is an ad\antage 

Bactenological incubators may be u'^cd uhere rclati\ely few cul- 
tures are being reared and these incubators are not othen\ i«e in u«e 
Houever, they have the folloumg drawbacks The heating elements 
have too much heat lag for operation at the temperatures required, 
and they are very expensive con«idering their capacity here 
the=e incubators are used care ‘=hould be taken to place the culture 
bottles as far as possible from the heating unit, preferably on an upper 
shelf The«e incubators are usually not u ell v entilated and therefore 
•ihould not be filled u ith Drosophila culture bottles in order to a\ oid 
dangerous accumulation of carbon dioxide and oxygen lack. 

\\here Drosophila work is carried on continuously it is much more 
satisfactory to have temperature cabinets designed for this work The 
following considerations are important (a) large size with plenty of 
air space giMng adequate ventilation (6) either double thermostatic 
control or thermo«tatically controlled heating unit of small enough 
capacity not to produce critically high temperature m case of thermo- 
stat failure, (c) good insulation and a heating unit with relatively 
little heat lag and as lov\ capacity as possible to maintain the constant 
temperature de«ired 

A satisfactory temperature cabinet with ample room for five hun- 
dred half-pint culture bottles, including the features mentioned above, 
may be constructed for as little as $20 00 In figure 1 are «hown two 
such temperature cabinets u«ed for some years m our laboratory 
The cabinet in the foreground is open to show interior construction 
that m the background is dosed and shows light lath holding the 
Cellotex insulation on the door These cabinets were constructed 
from casket packs secured from a funeral director Each box con- 
sists of a strong but light wooden framework to which is tacked three- 
ply Vs-mch wood veneer paneling These boxes vary m size One 
of those shown has the following inside measurements length 7 feet 
4 inches, width 2 feet 6 inches, and depth 2 feet 1 inch The lid is 
hinged to the box with three binges to form a door, and three hooks 
are provided to hold the door shut As the wood veneer is tacked on 
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the inside of the framework, panels of Cellotex or other composition 
insulating material are cut of a size to fit snugly into the framework 
on the outside. These are held in place by light lath tacked over them 
and to the framework. The box is set on end and may be mounted on 
castors. The first shelf is placed at least 2 feet above the bottom. 
These shelves are made of l-inch wire mesh tacked on wooden frames, 


which rest on supports nailed to the 
framework. Each shelf for an in- 
cubator of the above dimensions 
has a capacity of one hundred half- 
pint milk bottles, used as culture 
bottles. Five shelves can easily be 
used with ample room for removing 
culture bottles from the back of 
the shelf without disturbing those 
in front. 

The heating units consist of elec- 
tric light bulbs suspended near the 
bottom of the incubator. These 
have a small heat lag. A thermo- 
stat is placed on the back wall 
about the middle of the cabinet. 
One GO'watt light bulb holds the 
temperature of the cabinet, with its 
approximately 40 cubic feet of air 
space, about 3 centigrade degrees 
above the room temperature. AVe 
have used a CO-walt bulb in scries 
with a bimetallic thermostat and 
other bulbs, which may be turned 
on, but arc not in series willi the 



thermostat. By carrjdng a light load on the thermostat danger of 
sparking and sticking is lessened. Then if sparking or sticking docs 
occur the temperature will not go so high that serious damage is done. 
Where the outside room temperature fluctuates more than 3 centigrade 
degrees, a iicavicr load must be carried on the tlicrmostat. Danger 
of overheating may then he minimized by the use of a relay in series 
with the thermostat. It is, of course, desirable to install these cabinets 


in a room uhcrc the diurnal temperature fluctuations arc minimum, 
a b.ascmcnt room if possible. A Cellotex shelf is provided which may 
be fittwl in at any level to cut clown the size of the cabinet when full 
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capicity IS not needed Such an incubator \\ith fi\e hundred culture 
bottle capacity Rues surprismglj little fluctuation m temperature 
from shelf to «hclf This is parti} 
due to the long distance from the 
heating unit to the lowest “helf 
U«e of a «mall electric fan will 
further decrease this fluctuation A 
container full of water may be 
set in the bottom of the meu 
bator to maintain humidity The 
cabinet when empt} can ea®il} 
be moacd b} one person Fifteen 
}ears ago when these cabinets 
were constructed the material 
including the cabinet cost less 
than $10 00 At present prices such an incubator can be made at a 
very nominal cost and will pro\e quite satisfactory for general work 
Through a grant from the 
Rockefeller Foundation a senes 
of four large temperature cabi 
nets were constructed and in 
stalled m our laboratory U 
}ears ago at a cost of about 
$160000 Their cost would be 
considerably more at the pres 
ent time A number of the 
unique features which ha\e 
proven highly satisfactory could 
however be used m less ex 
pensue temperature equipment 
Figure 2 shows a front viei\ of 
two of the four cabinets The 
four cabinets are built into one 
large unit outside dimensions 15 
feet long 45 inches deep and 76 
inches high Of hea^'y wood 
construction tl is unit is in 
stalled m a cool basement room ® I»>™ot of temperature eabmel 

ISear by arc placed a norkbeneh ''■°™ ” ^ 

and all equipment lor examining flics This arrangement makes for 
contemenco and sues time as all stock and experimental cultures 
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are within easy reach. The student genetics laboratory is housed in 
an adjacent room. 

Figure 3 sliows a full view of the interior of one of the cabinets with 
dimensions of 3 feet in width, 3 feet in depth, and 5 feet in height. 
Each cabinet is heaA-ily insulated and lined with galvanized sheet 
metal. Side walls and ceiling are baffled. A battery of electric light 
bulbs in parallel along both sides above the ceiling baffle furnishes the 
heating unit. In the center of the ceiling baffle is a circular opening 
in which is mounted a high-speed electric fan, which drives warm air 
down through the cabinet. This 
air circulates from the floor back 
of the side wall baffles, the lower 
edges of which arc 4 inches above 
the floor. The air circulates up 
behind the side wall baffles and 
over the battery of light bulbs. 

The cabinets shown in the figure 
have only heating units. A third 
cabinet is provided with both 
heating and refrigerating units, 
and a fourth cabinet with only 
refrigerating unit. The cooling 
system for each of the two cabi- 
nets consists of a ^-horsepower Rcco-Mills condensing unit for use 
with “Freon,” mounted above the cabinet, and a set of copper and 
aluminum finned coils above the ceiling baffle. 

RcmiiyaiOe oj a Srameyyixrk oS aagla imv, 

with four tracks in each sliclf for culture trays, rest on metal clips 
which can bo set at any height. Eacli culluro tray or drawer consists 
of a pine framework with bottom of j4-inch mcsli metal screening, 
hardware cloth. On the underside of each tray two hardwood strips 
arc nailed, and on tliosc the trays slide in tlie shelf tracks. Figure 4 
is a detail of two shelves filled with cuUxirc drawers. On the side wall 
to the left, at C in the figure, arc the two thennostats in scries. Tills 
double thermostat operates a relay, and there is practically no chance 
of thermostat failure. 3n the cabinet provided with heating and cool- 
ing units both are under simultaneous thermostatic control, and never 
oi>cratc against one another. 

Ycr>* sensitive thermostatic control with tolucnc-fillcd gla^s grids 
have been used in some Drosophila laboratories. However, such sensi- 
tive control within the temperature cabinet docs not insure an equally 
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sensitue control within the culture bottles As Sturtevant (1937) has 
suggested temperatures withm the culture bottle may be higher an 
in the cabinet, because of fermentation of culture medium which con- 
tains jeast, and the actuit> of flj Iar\ae and adults These factors 
no doubt also produce minor temperature fluctuations, and a contro 
Viithm Ys centigrade degree seems adequate for any Drosophila work 
Further refinements are u‘'eless 

Each culture drawer carries thirt> -three half-pint or forty quarter- 
pint bottles Each cabinet can easily hold o\er six hundred half- 
pint culture bottles E\en with the cabinet filled to capacity with 
trays there is good air circulation Two \cntilators on the door maj 
be opened when large numbers of cultures are being reared Owing to 
the size of the cabinets lack of proper \entilation has ne^er caused 
trouble Thermostats on each cabinet ma> be set o\er a range of 
about 20 centigrade degrees and the total range is from 5 degrees to 
50 centigrade degrees for the four cabinets This equipment has been 
in almo«t constant u«c for 11 years with no replacements needed and 
no thermostat failure 

It would be impo«sibl€ m the scope of this chapter to de«cnbe tem- 
perature cabinet designs in use in other laboratories These range 
from constant temperature rooms with senes of smaller units installed 
in them at a co«t of seicral thousand dollars to small incubators for a 
few dozen cultures Equipment will \ary with the capacity needed, 
the range of temperatures desired, and the sensitiMty necessary for 
special mi e«tigation3 For general work, where a basement room is 
aiailable, satisfactory temperature controls can be set up, as indi- 
cated aboie, at «mall expense Whateier the design adopted attention 
should be gi\ cn to a\ oidmg oi erheatmg through thermostat failure and 
to pronding ample air space for icntilation 


CULTURE CONTAINERS 

Glass containers are almost always u«ed for culturing the flies The 
cheapest and for man> purposes the most satisfactory containers are 
half- and quarter-pint milk bottles, which when purchased in quan- 
tity, cost onl> a few cents each, are not easilj broken, gi\o good 
M'lbilitj, and are of comenient «ize In our laboraton and in most 
other places stock cultures are earned in half-pint milk bottles 
These arc sufficiently large “o that many parent flics, fiftj or more, 
can be used, thus avoiding failure of the culture through accidents to 
induidual flics or sterility of some indniduals Howe\er, for some 
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small species which arc less prolific than Drosophila melanogaster 
smaller culture containers such as glass vials are superior, unless very 
large numbers of parents arc used For experimental uork on D 
melanogaster, v>hen pair matings are used, l*ounce creamers are very 
satisfactory, providing yeast-enriched food (see beloi\ ) is used 
Creamers are much cheaper than glass Mals, are not so easily broken, 
and ha'\e the same adiantage as vinls m taking up little space in the 
incubator Creamers are less satisfactory than i lals for slow-breeding 
species e\en when these are small flies, as the medium in them tends 
to dry out before a generation comes through We have found glass 
vials 4 inches long by 1 inch in diameter to be most satisfactorj^ 
though some laboratories prefer smaller sizes Cotton plugs for vials 
or bottles ma> be sterilized and used repeatedly if co\ered vith a 
lajer of coarse chee‘;ecloth The plugs should fit snugly to prevent 
c‘!cape or entrance of flics Pasteboard caps for milk bottles and 
creamers are cheap and convenient covers, but should be perforated 
for ventilation In our laboratorv milk-bottlc caps have a hole Ys 
inch in diameter punched out with a large de«k punch and the hole 
plugged with cotton This insures adequate ventilation In some 
laboratories caps are perforated with multiple needle holes A dental 
scalpel may be used for cutting two or three narrow shts in creamer 
caps This method gives better ventilation than needle holes, with 
lc«!s time involved in cutting the shts Some laboratories prefer cot- 
ton plugs for bottles These, however, are moic cxpcn'^ive The use 
of tight cotton plugs to avoid mitc infestation is recommended by some 
workers, but this in itself is not adequate protection against mites 

Creamers and creamer caps maj be secured from any wholesale 
restaurant supplj company Bottle and creamer caps may also be 
onlcrcd directly from manufacturers One of these is the Ohio Bottle 
Cap Companj , pjqua, Oliio 

Tor shipping hvc flics to other laboratories gla^s vmls containing 
culture medium have generally been u-^ed These have tlic disadvan- 
tage of breakage cn route unlc-s cnrcfuUj packed, the wciglit of vials 
and adequate packing makes their shipment by nir mail quite c\pcn- 
M\c The following method for mailing live Drosophila is very satis- 
factorv Aluminum tubing, inch out«idc diameter, 0 022 inch wall, 
1 *? cut into ZY_ inch lengths The ii^ua! culture medium («cc below ) 
IS poured to a depth of V, inch into a beaker or otlicr container, and 
a<« man) aUiimnum tubes n«! will fit into the container are set on end 
in the hot medium If a container wiUi n light cover is u«cd such a 
»^up]il\ of tubca inn> be =ct nwnv and kept for w ccks in the refrigerator 
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To mail Drosophila a tube k broken out of the agar medium a “malt 
cork inserted m the end of the tube containing the medium llic« 
shaken into the tube bj u^e of a funnel or ethenzed flic'* dropped into 
the tube A cotton «toppcr is then m«crtcd To make 'ure that llica 
do not 'tick to the aluminum nail the tube ma^ be lined n ith a ca hnder 
of paper Thc'e tubes ma> be lal>cled a\ ith India ink Tn o such tubes 
ma> be 'cnt m an air mail letter nithout further packing between 
points in the United State' for the u ual C(1 po tage Fhc' nerc sent 
through bj air from Rio dc Janeiro Brazil to our laboratorj in Ihi 
na> a distance of some GOOD mile« This method of shipping make* 
po"iblc the u e of air mail 'cnacc at «mall e\pen®e and should pro% e 
particularlj \aluable to field collectors Aluminum tubing of this or 
other 'izc' maj be purcha«cd from the Aluminum Compan\ of \mcr 
ica 2210 Hanard A\c Clcacland Ohio The co t for each of the 
tubes de'cnbed abo\e is onlj a fen cents and they can be na'bcd and 
u«ed manj timc« 

CULTURE MEDIUM 

In the earlj nork on Drosophila the culture me hum con«i®ted of 
ripe banana allon ed to «tand for a couple of da% s in a co% ered jar after 
being inoculated nith jca«t Improacments ba\e been introduced a' 
follons (fl) tl c addition of agar or other material to stiffen the food 
and make it ea«icr to «bakc fliC' from the culture bottles (b) sub ti 
tution of mola««cs or 'jnip and com meal or other ingredients nhich 
are more uniform m qualilj and Ic«s cxpcn®i\e than bananas, (c) 
addition of some antiseptic pre er\ati\e to check mold and harmful 
bacterial growth which is at the «amc time non to\ic to fl\ lar\ ae and 
adults (d) and along with (c) the addition of killed brewers jea't 
to the medium as anti«eptic' al o hinder the grow th of > easts on w hicb 
flj lar\ae feed Attempts lia\c been made to de\elop sjmthctic and 
highlj 'tandardized media but thus far with indifferent succe®' The 
food requirements and tc\ture of the food for aduHs and lar\ae differ 
For keeping stocks general purpo®e media ha^e been de% eloped which 
are ^elatl^ el> sati factoiy for both Ian ae and adults 
In figure 5 on the bottom shelf are shown the ingredients which we 
u«e for flj media From left to right thej arc a large container of 
brewers 5ea®t a cake of bakers jea't a pound box of Tego ept 
antiseptic pre®er\ati\e gla's jars full of com meal powdered agar 
V. gallon jars of Karo 'anip Bakers jea't m pound cakes i« kept 
in the refrigerator All other ingredients are in clo®ed containers and 
will keep indefinitelj without spoiling 
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Tlic culture medium is pioparcd as follows: 4 liters of water arc put 
in an aluminum kettle, and to this are added 25 grams of powdered 
agar This is placed over a gas fire. Figure 6 shows the gas stove 
used for preparing medium and for ovcn-stcrilizing old cultuic bottles. 
When the natcr boils 60 cc of brewer's yeast are stirred in and boiled 
for about 15 minutes This is an important step; and unless the yeast is 



Tio 5 inffredirnta tiecd in culture media ({=co 


all killed by boiling tiie medium wiU be im«atisfaptor>’. Five hundred 
cubic centimeters of Karo syrup are now added The amount may 
vniy over rather wide limit*!, and there is less waste if tliis is poured 
directly from tiio container into the boiling medium Five liundred 
cubic centimeters of corn ine.il arc placed in a jian and thoroiiglily 
mixed with about 500 cc. of water until all the ine.al is moistened. 
This is then stirred into the boiling nicdiuin, and 20 cc, of tin' Tego- 
icpt-M, the methyl c^lcr of p-hytfroxybcntoic aei«l, are immediately 
added. The corn meal and the pre^eni'ative arc stirreti into tlie me* 
dnim, and the mixture boiled for another 5 or 10 minutes 
The hot mixture is immetlmtely pouretl into culture btdtles, creamer*, 
or x-inL. The recipe gixen aliovc will prepare abt»ul i>cventy-five half* 




4C0 DRO^OUIILA 

pmt bottles sv.th mcdu.m pooreU to a depth of 1 mcl, In some lahora 
tones incclium is aasted bj pouring too much into tlie 
Neither larvae nor adults use the medium at the bottoin of the eon 
tamer \ lals arc poured to a depth of about ’i inch and creamers 
y inch or le-s Twice the ntiovc formula ina> he prepared but 1 or 
larger quantities either two lots should be made up or the kettle 
placed m a larger container m hot water as the nicdmnl begins o 
stiffen as it cools and is difficult to pour 



Fiq 6 Stove for cooking med a nnd stcnl *ing ol 1 culti re I ottlc*' 


For pouring into bottles a container ^\lth a narrow «pout or lip 
such as a small tea kettle will be found useful ^^e lia\c deviled 
the apparatus shown m figure 7 for pouring medium into Mals and 
creamers A rectangular ba^e metal support is fastened rigidly near 
one end of a board about 24 by 8 inches (board not shown m dm 
gram) Cleats arc nailed to the underside of this board at the two 
ends raising it off the table so that a large Petn dish ma> be slipped 
under it An extension clamp is fastened by a clamp holder to the 
metal support In the extension clamp is placed a plastic funnel (S)» 
one pint size or larger with a short stem of inside diameter about 1 
centimeter A hole slightly smaller than the creamer or culture Mai 
is bored through the board directly under the stem of the funnel A 
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■wooden dowel pin (.A) is beveled down so that it fits snugly into the 
stem of the funnel Two small strips of wood are tacked to the board 
on either side of the hole, forming a small V-shaped guide With the 
stick or dowel pin, which should be about 8 inches long in place in the 
funnel stem the funnel is filled with hot medium Then a vial or 
creamer is placed under the funnel stem, using the V-shaped guide for 


placing it quickly and accurately The stick is tlien raised and pushed 
back into the funnel stem deluenng 


the desired amount of medium With 
one hand the worker rai^^es and lowers 
the stick, and with the other handles 
the Mals or creamers Any drip from 
the funnel stem drops through the 
hole into the Petri dish placed beneath 
the board E\en when medniin be 
comes too stiff to pour, it can be 
pushed through the funnel stem with 
the stick With a little practice it is 
possible to pour one luindrcd creamers 
in 5 minutes witli this device Tlie 
only parts to be cleaned arc the 
plastic funnel and the dowel pm 
After cultures lm%c teen poured 
thc> should be co'vcrcd with cheese- 
cloth to keep out any strn> flics and 
allowed to cool before capping or stop- 
pering Ihis step IS important, as it 
pre\ents condensation of moisture on 



the in'sidc of the cuUui*c \cs«el and the surface of the medium as 


the warm, humid an cools In this condensed moisture parent flies 
arc likclj to become mired After cooling, the culture bottles may 
bo fitted With co-\cra and placed in a cold cabinet where they will 
keep for ‘’c\eral dajs SiiortI> before u^c a drop of thick Inc 
baker’s jca«t su«pcn«ion m water ‘^liould be pipetted onto the sur- 
face of the medium This suspension «hould be ju^t thin enough to be 
"ucked up into a pipette \ tlurd of a double sliect of cleansing tis«uc 


or a piece of paper toweling diould be pushed down into the medium 
®t one side of haU-pml or quarter-pmt culture bottlc« Tin's paper 
f«mi«hes parent flies n place to rc^t when not feeding or oMpositmg 
and cuts down lo«s from flics becoming inircd in the culture medium 
Lthenzed fiica ma> be dropped on tins paper in making up cultures 
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There IS no need to cut mil a chunk of food medium, ns formcrlj 
practiced in mnnj InlKirntorics to nllmi escape of cnrlion iliovide from 
under tlic food enke \\ ith the u^c of tfioroiiglils killed jen«t mill n 
anti'Cptic presenatue toml nkc« mil not fcrinint mill pll-li up npnin t 
the “topper In i nls and crc-iuicrs n “in ill ntiioimt of paper ina\ ic 
added thoii,!h this is Eemrillj not iitccs'arj if parint flics hate hern 
aged hcforc starting nil cxperimcntiil culture floucier, liith I'cak 
mutant “locks paper in aials i“ nn niKantage Ihipcr nl“o fiiml“hc“ n 
place for Innac to pupate 

The amount of agar u“cil in culture media nini inn “oinciihat In 
\crj dry clim'vtos “omewint Ic^'* inaj be ^'bon liuniuhtj b'pb 
more ^\jll bo rcfimrcd Fnoiigb 'ignr •‘liould be u«ed to keep the fcxxl 
cake from ‘•baking Ioo«e ulion culture bottlci arc jarred to •‘bake /Ik' 
into anollicr bottle or etherizer A fairlj ^ati-fartorx and inucli 
cheaper aub'-tituto for agar ma\ be pureba^cd from the Knm Ko Cor- 
poration Bedford, Ma«« , under the trade name of Carngar, a 
preparation from the ‘■caueetl, Chondru^ empus Medium prepared 
from thi8 8ub«tancc, hmscMr, tends to bqucf\ as lar\ ac dc>clop Aildi- 
tion of extra cleansing li««uc is rccoiiimcndcd isbcn Carragar is u«cd 
Until rccontU mo't Drosophila lalwratonts in the United Slates 
liaio u«ed Moldcx-A, the sodium «aU o! p l^drux) benzoic acid, a« *1 
mold pre\entati\c As this product is no longer on the market, substi- 
tute methods of cutting down mold growth bn\e been adopted In 
SCI oral of the larger laboratories propionic acid is added to the medium 
and a special btram of >ca«l, tolerant to this acid, is grown and u'-ed 
to inoculate cultures Thio procedure is laborious as it rc<iuircs con- 
‘•tant culturing of tfie jcasl strain baNC fouml the mct!i\I c^ter 
of p lijdroxj benzoic acid fuU> as «atisfnctorj ns Moldex It is non- 
toxic to flics and an excellent mold and bictcna prc\cntati\e Tins 
may be purchased from the Goldschmidt Chemical Corporation, 153 
M a\erly Place, ?sew "^ork 14 Is A , under the trade name of Togo 
sept M at the current price of $2 20 per pound Other esters of tin- 
same acid may he purchased from the same compan> Tlie> ha^e 
stronger anli«eptic action but the di«ad\antnge of being lc«s soluble 
m aqueous media Brewer s yeast may be purchased from the Stand- 
ard Brands Incorporated 595 Madi«on A\c , New Aork 22, ^ A at 
about 255 ! per pound Bakers yeast may be secured in pound coke- 
at any bakery, it must be kept refngerated and not allowed to dry 
out ^\^lere large quanbtics of media are u«ed a cheap grade of 
molasses purchased in kegs, will be much lc«s expensne than Karo 
syrup The amount of brewer’s yeast may be >ane£! according to the 
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use of the culture medium. For stock cultures the concentration men- 
tioned above is recommended. With much higher concentrations too 
many flies come through; cultures become overcrowded with adults 
and need to be changed more frequently. With experimental cultures 
addition of more yeast may give better results. A special technique 
giving very high yields will be described below. 


HANDLING FLIES 

Figure S shows the standard equipment for handling Drosophila. 
The following items of equipment are shown: {A) a good wide-field 



Fig 8 Standard equipment lor c\aininmg flies (see text). 


binoculnr microscope; {B) a flask filled with water or glycerin for 
focusing light and absorbing heat; (C) light source; (D) etherizer; 
(E) bottle of ether; (F) culture bottle; (G) cultuie vials; (//) fly 
morgue; (7) empty vial and creamer; (J) counting plate; {K) rubber 
castor; (L) rc-etljorizcr; (37) folded card for transferring flics. 

While Drosophila may be obsciwcd and some mutant characters 
recognized with the naked eye or a hand lens, a good wide-field binocu- 
lar microscope is indispensable for any extensive work. The magnifica- 
tion chosen will vary witli the cliaractcrs being studied; a magnifi- 
cation of about fifteen diameters is recommended for most work. Be 
"urc binocular prisms arc properh' aligned to avoid eyestrain. Un- 
ices tlie lenses of the eyepieces are countersunk a small rubber collar 
should be placed around the eyepiece if tiie worker wears spectacles. 
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OthenM«c both c>cpiccc« and spectacles «iU c\cnluaUy become scored 
if much work is done 

As a light source a dc-k lump with 100-untt bulb is Fati“factorj 
IndiMdual workers nn^ prefer other t\pc& of lamps In nn\ ca«c a 
strong liglit IS needed The light ra>9 arc foeu'cd bj placing a spheri- 
cal fla«k filled with water or gljccnn between the light and the micro- 
scope field The flask should be adjusted to 
gi\c a spot of intense light about 2 inches 
m ihanietcr on the counting plate, with the 
center of this spot at tlic center of the micm- 
scojic field Too frcrpientlj beginners neglect 
the careful adjustment of light for inn\imum 
efficicncj Man> mutant characters, particu- 
larl> c>c and bo<K colors, show up \erj dif- 
fercntl> under different lighting and inag- 
nificalion n\er> worker, whether beginning 
student or xclcran rc«corchcr, should do lus 
work m so far ns possible with the 'amc 
microscope and illuminating equipment at all 
times IndiMduals will differ in the inten«it> 
of the light and the angle of the ra>s at wliicli 
Ihcj can ob«cr\c mo«t nccuratcl) and with 
the least e>e«tram Difficult cnc and bod> 
colors con often be classified much more accu- 
rately b> Mowing surfaces obbqutlj rather 
than dircctl> Bridges (193G D I S 0)y 
. , probablj the keenest of all drosophiliets in 

* 1 ”^ difficult mutant tjpes has recommended that the liglit ra\s 
8 ri e e microscope field at a 45 degree angle from the ^crtlcal 
les may be anesthetized for study by shaking them from the cul- 
re 0 c into a half pmt milk bottle or other glass container of con- 
venient size and quickly coaermg the bottle with a cotton stopper to 
^ added This method is satisfactorj’, 

vprv ^ amount of ether the anesthesia ma> be applied 

thp stn^nn'^^ ^ Howe\cr, a fresh supplj of ether must bo added to 
discomfnrt'^t^'^tu ®'o*d this waste of ether and the 

etwirfu 1 ! "CNeral tjpes of 

adontpd de\iscd The one showTi in figure 9 has been 

mnxiihoA ^ iuiicr ^ 2) A quarter-pint milk bottle or wide- 

mouthed spcctmen bottle „ as the other ehamber Cotton {A) 
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about 5 inches b\ 3V; inches A sinp ol caraboanl, (U) m figure 8, 
somcuhat longer than the phtc anil fiililul Icngtlmlec, 15 scrj con- 
venient for pushing flics into rolls on the counting plate for examina- 
tion riles may be pu'heel oft the plate onto this card for transfer to 
the morgue or to a culture bottle 

Some sort of fl> pusher" or manipulator is nectlcd for turning, 
eeparating, and counting flics on tlie plate Some workers prefer a 
fine camcl’s-hair bnidi, others u«e a flat strip of copper, cut, eo that 
when held in the hand at au oblique angle to the counting plate a 
straight edge about inch long at the lower end fits again*st the plate 
Flics can easily he pushed into dciire<l positions Light dental for- 
ceps or m ect forcepa may abo be u‘-cd 
The beginner mu-t firtt learn to sex the flics \\ hilc Drosophila 
melanogasler diows marked «cvual dunoriihi'm, cvtr> student diould 
learn to determine sex by the external genitalia \\ hen flics arc turned 
on their backs the po«tcnor end of the alnlomcn of the female is seen 
to come to a point m the o\ipoMtor plates In the male two toothed 
“clampers," black and heaMly cliitmucd, lie parallel and near the tip 
of the abdomen The po tenor end of the male abdomen is rounded 
In mature flics testis color shows througli tlic \cntral surface of the 
abdomen, but this character cannot be «ccn m >oung flies Four 
prominent stcmitcs appear on the undersurface of the male abdomen, 
and SIX stcmitcs on the female abdomen As students may ha^ e occa- 
»ion to examine species other than D melonognster, they should not 
rely on such secondary sexual characters as the sex combs on the fore- 
tarsi of males and the black pigmentation of the postenor tergitcs of 
the male abdomen, though tlic«c characters are useful in recognizing 
the sex m this species when uncllicrized flics arc examined through 
the gla«s wall of the culture xc««cl In teaching students to recognize 
the sexes teachers will find it coa\ciiicat to use the (lies of a sex- 
linked cross in which some easily obserxed mutant character marks all 
males and none of the females 

In making cro«s matings between two stocks care must be taken 
that all females used are vii^n For many of the slower-breeding 
species this is no problem as females arc not sexually mature for two 
days in some species and exen longer in others, after emergence from 
the pupa case Exen with thc«c species it is well to shake all old 
flies out of the stock bottles and use females which emerge within two 
days For Drosophila meUmogaster matings, all flies should be shaken 
from the stock bottle and only females emerging within a six-hour 
period should be used, as both males and females may become sexually 



HANDLING FLIES 


467 


mature withm a half day after emergence In Drosophila immigrans 
old males will mate with young females within an hour of their emei- 
gence, and the males become sexually mature about two oi thice hours 
after emergence The laborious task of isolating pupa cases into 
empty vials in order to be certain that emerging females aie virgin is 
not recommended, although practiced by some workers If one or more 
double sheets of cleansing tissue paper are soaked ni a suspension of 
baker’s yeast in water, one part of yeast to about five of water, and 
dropped into a stock bottle containing many larvae, the later emer- 
gence of many adults in a short time mtcual of a few hours will be 
assured With this technique many healthy viigin females may be 
easily collected 

Either befoie or after males and females are placed together in 
making a cross-mating, the flics «hould be aged in a contamei with 
fresh food foi two days before being placed in the culture bottle 
This procedure insuies a good output of eggs shortly after parent 
flies are placed in the culture bottle Care m tins respect cuts down 
mold and bacterial contamination For many slower-breeding species 
aging for about a week and tlion transfer to a fresh culture bottle are 
recommended By shaking parent flics into fresh culture bottles every 
other day a series of cultuic& may be started Fhes treated m this 
way will give astounding yields, ns the transfer to fresh food insures 
optimum nutrition and heavy egg production In certain experiments 
many flies may be aged together, and then pair or small mass matings 
may be made 

To insure maximum yields of large flies and to reduce the length of 
the emergence peiiod, after sufiBcient time has elapsed to allow all 
eggs to hatch^ cleansing ti'^sue soaked in baker’s yeast suspension in 
water should be added to the culture bottle The paper sliould be 
dipped into a beaker of yeast suspension, mixed as described above, 
excess fluid allowed to dram off, and then tlie paper added to the 
culture bottle, but not pressed down into the medium Larvae tunnel 
through the paper and feed on the yeast If the paper is placed in 
the bottle properly it will form a mat on top of the culture medium, 
and m this mat the larvae pupate There is relatively little danger 
of the paper shaking loo&e fiom the medium when newly emerged flics 
arc shaken from the culture bottle This method is equally applicable 
to small culture Mals and creamers (Spencer, 1943) In much of tlie 
cirly work on Drosophila great care was taken that lanac were not 
crowded, that only a fen flies were secured from a culture How- 
by u«mg a concentrated food supply largo nuinbera of licaltliy 
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flics nn> bt reared from one culture without hr\ne being htaracd, 
even thougli llicv arc pli>aicallv crowdcil Table 1 gi\u the Uat.i on a 

lAm-L 1 

Drosoplila hi/da Puts 1 meucimi is 1 ivt CuLTtio Vials is tiil bi cosJ> Ci si ra- 
tios or A Cross of thl Multiiu Mltast broew— S cakut (J-tl-colok fv 
CllROVIO&OMF II), bCAURQCH (CxMirTLttL IS III), PLAULT (IJoUt-COUlU IS I\), 
Jaallis (Bri&tll Mutant is V) X Uuosii (I »l-colo« is 111) 

All inulantaarc rcfcssuc and because of absence of crossn{,-OMr in null, iscaijrous 
and brorue i,i\c a ratio of t spTbrous 2 mil 1 bronze. TI e other llircc mutants 
give tho familiar tnlijbnd ratio uhicli, when coml iiiwl with 12 1 rim's ratio 
shown in table The results of the cro^s are pn rented to show that the J cast su jK'n 
sion-clcansing paper tccluuquo allows for nanng largo nun>I>cn> of flies m small 
space witliout distortion of Mendclian rutuM by larsal coni|>cti(iuii CM of the 
fliea emoted m tho first -18 hours of tl c cmcrj,cnfo |Knod 


OliMracii 

1 XJHXtcd 

tatio Clajjus Jft*qutncy 

Prwjuency 

54 Wild (>{io 

IGG 

102 

27 Scabrous 

70 

SI 

27 Urouo 

83 

81 

18 Scarlet 


81 

0 Scabrou.*-scarlct 

25 

27 

0 Bronzo-xurkt 

32 

27 

18 Pearly 

54 

54 

9 bcabrous-pcarly 

19 

27 

9 Bronze-pcatly 

21 

27 

18 Javelin 

02 

54 

9 Scabrous-javetm 

37 

27 

9 Bronze-javclm 

25 

27 

6 bcarict-ijcarly 

23 

18 

3 Scabrous-AcarlcL-iHarly 

10 

9 

3 Bronz^scarlct iwurly 

9 

9 

0 Scarlet javchn 

14 

IS 

3 bcabrous-bcarlet-javehn 

5 

9 

3 Bronzc-scarlct-javdin 

7 

9 

G Pearly javchn 

20 

18 

3 Scabrouvpcarly javelin 

7 

9 

3 Bronze-pearly javdin 

5 

9 

2 Scarlet-pearly javchn 

8 

0 

I Scabrous-scarlet-pcarly javelin 

3 

3 

1 Bronze-scarlet-pcarly javelin 

3 

3 

250 Total 

770 

708 


cross m Dmophxla hxjdet m nhich the parent flics acre hctcrozjgous 
for fiso recessive mutant genes lying m four chromosome pairs, bronze 
ami scabrous being m the luo third chromosomes respectively The 
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flies in the table were i eared m fi\e culture Mals of 75 cc capacity 
each, using the paper-yeast suspension method desciibed Drosoyhila 
hydex is much larger than D melanogaster With an average output 
per vial of over 150 flies all fi\e mutants approached closely to Men- 
delian expectations, even triple and quadiuple rocessives came through 
m expected frequencies and a chi-square test indicates that fluctua- 
tion from expected Mendclian ratio was due to chance Emergence 
of about 650 of the flies occurred m the first 48 hours after the first 
fly emerged It is clear that the culture metliod described conserves 
space, saves time, and gues excellent results When this method is 
used adults should be removed and examined within 2 days after 
emergence, as the food supply and space for them are limited in the 
vials 

The method of culture desenbed above Js also excellent for securing 
larvae for salivary chromosome studies When the first larvae begin 
to pupate the paper may be removed from the vial and placed in a 
shallow dish of normal saline solution An adequate supply of well- 
fed mature larvae can be shaken out of the paper and collected 

COLLECTION OF EGGS 

In many experiments it is important to collect large numbers of 
eggs over a short time period First a good supply of young flies 
should be secuied These should be aged for the appropriate time, 
several days to over a week, depending on the species During the 
aging period the flies should be shaken into fresh culture bottles at 
two- or three-day intervals In the aging bottles several drops of 
heavy baker’s yeast suspension should be placed on the food surface 
The amount of food surface and not the volume of food in the aging 
bottle IS important To increase food surface a wad of stiff paper or 
of cotton may be placed in the empty culture bottle and the hot 
medium poured in on top of tins In a culture bottle prepared m this 
way the food surface can be doubled After aging and heavy pre- 
feeding, the eggs may be collected by the use of several devices One 
simple method consists of pouring drops of hot food medium on the 
undersurface of bottle caps, and placing a drop of heavy yeast suspen- 
sion on this food after it has cooled A largo supply of these caps can 
be prepared and stored for several days m a covered container in the 
refrigerator Flics arc shaken into an empty culture bottle, one of 
these caps placed on the bottle, and the bottle set in an inverted posi- 
tion The ogg jicld will be increased by scoring the food surface vvitli 
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a fork or other in^-lruincnt lh»s niaki.'i inanj tin\ dcprta'-iona or 
\alk>s in the food -urfact nl the c points the huinidit\ is high ani 
thia helps to cUeit the oviposilmg reaction rites uiH not depo it 
ejjgs unless the huinidit> ne\t the foo<l stirfiee is high An e\cn bet- 
ter method of fcecurmg eggs is to u e gl iss c> hndi rs open nt both ends 
A cylinder about 2 inches m msidc <liimeter and 3*/. inches long i» 
rccoinincndcd The c can he ■•ccninl from coinjunies telling gl'i'‘=' 
\iare by special order Small Petri dishes or S\racU'‘C watch gla cs 
are filled with hot medium jea-^ted, and sU*red in do cd cont iinera 
A cotton plug IS placed m one end of the c>lindcr, flies are -h iken 
into the cylinder a culture di^h is tpucklj placed o\cr the open ciul 
and the c>lindcr m\crted o\tr the didi The cotton plug can then 
be pu lied down rclatieely clo-^e to the food vurficc tliiis incrci mg 
the humidity in the cgg-la>mg chamber W hen a new culture di h is 
added the cotton plug should fir t he drawn out to the end of the 
cylinder and flics «liakcn down m this end while the first di h is 
removed and a second one added If di lies arc changed once a day 
the flies will continue to produce large numbers of eggs daily for a 
period of two weeks or more Ihc iddition of a little limpblick to 
the food medium while it is being prepired ilirkens the luediuni and 
makes it easier to count eggs if this is desired In Pearl s early work 
on fecundity he «trc««ed the importance of not crowding the flics if 
large numbers of eggs were to be secured Vclually, the space per 
fly in the container is of minor importance, the food «uj)i)ly per fly 
of major importance If fresh food is regularly ‘-upplicd enormous 
numbers of eggs may be secured Fifty pairs of D tnelanogastcr may 
well be used in a cylinder of the •-iic suggt ted It is always import mt 
to simplify technique as much as po Mblc, and the methods described 
above giv e maximum egg yield for the tune and w ork m\ ol\ cd 


PESTS 

In Drosophila laboratories Uicic arc a few flics let loose accidentally 
from time to time m the course of cxpcninental work The c actually 
constitute a pest as they may be a «ource of contaminating cultures 
Organic debris and other matcnals whore such flics can feed and 
particularly ^^hcre they can breed should be removed promptly from 

Particular care bhould 

oopn ih ^ bottles are securely stoppered with no crevices 

humid climate m the summer different species of AIu«cidae may deposit 
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eggs around cotton plugs or bottle caps The eggs may hatch here, 
and the young larvae cra^l down into the culture medium, where they 
quickly take over and arc likely to kill off all Dro(>ophila larvae, pos- 
sibly by utilizing available food Drosophila busckii will also con- 
taminate fly cuUuies m tins way "Where flies cannot be screened out 
of the room and thus constitute a pest all culture bottles should be 
co\ered with cheesecloth or othciwisc screened Contamination of this 
sort IS relatively laie, hut may prove troublesome in basement rooms 
in a humid summer and should be guarded against 
More frequently bacterial infections of stocks may occur These 
infections may produce a slimy film over the food suiface, adult flies 
become mued, eggs never hatch, and larvae are killed off When such 
an epidemic occurs, old culture bottles should be thoroughly heat 
sterilized and the medium fioin such bottles sliould be disposed of 
immediately Empty cultuie containers should be heat sterilized be- 
fore adding medium Fly stocks, normally kept at low temperature, 
should be brought through as rapidly as possible by supplying extra 
yeast suspension and rearing them at optimum temperatuie Repeated 
tiansfer of parent stock flies to fresh cultuie bottles should be made 
If this routine is followed, the bacleiial contamination will soon be 
cleared up 

IMolds are a still greatei source of trouble Especially for slow- 
breeding species the use of an antiseptic preservative in the medium 
IS of paramount importance During a period of mold contamination 
stock cultures may well be reared at higher temperatures, as mold 
growth IS not retarded as much as larval growth by low temperature 
The flics, if propel ly handled, will get the better of mold infections 
They should be transfen ed one or more times to fiesh culture bottles 
and the old bottles sterilized Once a good stand of larvae is present 
m a culture bottle, they feed on the mold as well as yeast, and the mold 
has little chance to spread and to form spores Molds are likely to 
kill off a fly culture when only a few parent flics, not properly aged, 
arc added to a culture bottle accidentally inoculated with mold spores 
from the flies themselves, tlie air or contaminated cotton plugs, bottle 
caps, or paper Keeping such a culture at low temperature is m\iting 
dis later Many specica of Drosophila can be cultured more success- 
fully either by rearing m small culture vials or by using large numbers 
of parent flies if half-pint bottles arc used Where there is a plentiful 
supply of adults and lar\ae, mold his little chance of killing off the 
culture E\cn adult flies, whicli arc so co\crcd with mold spores that 
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they would ‘^oon die may be u-^ed to recover a moldy stock if they are 
repeatedly transferred daily to freeh culture bottlca 
By far the most «crious menace to fly culture is contamination w 
Tyroglyphid mites of the genus Hutiostotna If more than one species 
IS in\ol\ed they are certainly closely related The complex life eye e 
of this mite includes a parlhenogcnctic ‘‘tags m which both males 
and females may be produced, and a non-fecding hjpopus stage whic i 
IS migratory and attaches it«elf to adult Drosophila and other insects 
In spite of the fact that these mites arc endemic m some Drosophila 
laboratories where much of the hc«t experimental work has been done, 
they constitute an ever present «ource of enous trouble and many 
valuable stocks of mutants have been lo^^t through their depredations 
IVhcn a stock bottle becomes heavily infected the adult mites un- 
doubtedly compete with fly larvae for available food and the hypopi 
may attach themselves in «uch numbers to adult flies as to kill, weakeOj 
or stenhzc them The external genitalia of the fly may be so covered 
with mites as to make copulation mechanically impos^'ible, wings and 
legs may be loaded down so that the fly cannot mov c about normallj » 
mouth parts may be covered with mites, thus interfering wuth norm'll 
feeding Many valuable multiple mutant «tocks, particularly where 
the flies under optimum conditions arc les» hardy than wild stocks, 
have been lost by allowing such conditions to develop 
Many of the measures propo«ed by various workers for the control 
of mites are practically uscle«s, others have some merit but are in- 
effective in themselves, and some which may have resulted in the 
elimination of mites m a given epidemic are nevertheless not reliable 
A sound approach to this problem is ba^cd on the recognition of certain 
facts apparently often overlooked One hypopus, not two, is all that 
13 ncce««ary to start a mitc epidemic because of the parthenogenetic 
development of both mates and females dunng the life cycle The 
mites which start an epidemic will «cldom be «een, and those which 
continue the endemic condition after a heavy infestation has been 
partly cleaned up will not be seen One hjpopus, attached to some 
concealed part of an adult fly, can easily be overlooked even thougli 
the fly 13 examined carefully under the binocular microscope ild 
flics collected from their natural habitats mav carry the h j popus «tagc, 
although actually they seldom do Stocks recciv cd from other labora 
tones may be mite infected, and if tlic inft tation is light it may go 
unnoticed ev en though the «tocks are examined for mites The stocks 
of one careless or indifferent worker in the laboratory may serve as 
a constant source of rcmfestation of stocks of other w orkers 
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Where a irnte infestation, cither endemic or epidemic, is to be 
cleaned up, the following procedure should be followed by every worker 
in the laboratory All old cultures not required for breeding stock 
should be collected and thoroughly sterilized by heat Tlie practice 
of dipping old and infested cultures m caibon tetrachloride or other 
chemicals is both e\pensi\c and unreliable Alany laboratories keep 
three sets of stock cultures of different ages to guard against loss of 
stocks This practice must be discontinued, as the thud set of cultures 
always furnishes a souice of remfc&tation m a laboratory harboring 
mites The second set of cultures should also be discarded and heat 
sterilized as soon as larvae appear m the last cultures made up Loss 
of valuable stocks should be guarded against by replication and not 
by keeping old stocks All shelves where stocks aic kept, utensils 
used in handling flies and garbage pails sliould be wiped off with a 
solution of phenol, 1 500, the most effective killing agent for hypopi 
Parent flies should be repeatedly tiansferrcd about every week for 
at least thieo transfers to a new set of cultuie bottles, and the old 
bottles sterilized by heat as soon as larvae appear in tlie new bottles 
Under no condition should any stock bottle be allowed to stand around 
until the hypopus or migratory stage of the mite appears Tins stage, 
barely Msible to the naked eye, can readily crawl out of a culture 
bottle capped with a paper cap or covered with a cotton plug wrapped 
m cheesecloth The use of tight cotton plugs to keep mites from 
spreading is an admission that the hypopi may be theie, and certainly 
these plugs will be removed sooner or later, giving hypopi a chance 
to escape 

The success of a drive against mites depends upon breaking up the 
life cycle and not allowing new hypopi to develop As liypopi leave 
an adult fly within two weeks of the tunc they first attach themselves, 
and then crawl down into the medium to complete the life cycle, and 
as the adults of all species of Drosophila live and breed much longer 
than two weeks, any stock of Drosophila can be cleared of mites by 
the simple expedient of tiansfcrnng the adults three times at weekly 
intervals to fresh culture bottles If this procedure, along with thor- 
ough heat sterilization of all discarded culture bottles, is followed 
simultaneously for all stocks in the laboratory, including experimental 
cultures, the mitc infestation will be not only brouglit under control 
hut totally chminatcd This result will not follow, however, if some- 
where in the laboratory wild flies are allowed to breed on accumulated 
waste, barrels of formalin **pccimenb, or other orginic debns The 
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procedure outlined ^Ul reqmre a lot of uork including the preparation 
of =e\cral times as much culture medium a-* is norraalh prepared m 
tl e laboratc rv o\ er the period of a month dunng v. hich the infejtation 
IS being eliminated "No measures chert of elimination are adequate. 
Dunng this time not a tingle flj need be examined under the micro- 
ccope for the presence of mite® At the end of a month if e^erv 
worker has cooperated there vnW be no mites in the laborator> ^ 
larfeC cample of ctock bottles ma> then be cet a^ide in an isolate-d 
room and allowed to ctand for cceeral week. Inspection of these 
bottles vnW chow that there are no mites present 
In man> laboratories imtc infe. tations per ist became halfway meas- 
ures for cleaning them up are adopted. Some n orkers mav be con 
tantiv battling the mitc infectation An mdiffcrent worker allows 
the hjpopi to accumulate m old cultures and infc.t tables, chaii", and 
chehe Tlic janitor goes through this room to other , «preadiDg the 
h>popi with his du. ter or cleaning rag Selection of adults pupae 
or !ar\ae winch do not carry h>pop) or nutc eggs, wa hing lanae or 
pupae to remo\c mitc eggs or h>popi, controlling mitc» b> placing 
culture Ixjttlcs in «oap colution or other chemical^, design of culture 
co\ers to pre^ent the spread of h>popi ma> help to reduce the mites 
but the e methods are fundamcntall} wrong in their approach to lie 
^lution of the problem. The work in\ol\c<l in eliminating nutes 
from a laboratory is actually much Ic s than that expended from time to 
time or con tantlj m the use of these incITcctua! halfway meamres- 
\fter mites ha^c l>ecn eliminated, sterilization of all discarded cul 
ture bottles with heat ifolation of stocks from other laboratories and 
the repeated transfer of adults from these stocks to fresh culture bottles 
unti the e are free from any mitcs which maj ha\e been pre^nt 
and general cleanliness mcludin,, the prompt dispo.^1 of garbage and 
other organic debris should lie practiced 
Sc\cral other species of mites without an hjpopus ^tage also mfest 
cultures Tlie*=e are less ^nous pe.U but hould be elimi 
nated This can be done bj rapid Iran fer of stock, general clean 
Une « and elnnmation of potential food supplies particular^ the 
accumulation of mout organic matenaL 


3IA1^TE^ V^CE OF STOCKS 

btncrallj kept m half pint nulk 
adult flica should be added than are uruall> 
o t art a culture TIus procedure iiL.ure_ agaimt the acci 
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dental deatli of some adults and the sterility of others Furthermore 
the stock -keeper slioiild learn that certain stocks have a low fecundity 
and use more paient flics for these stocks Each stock bottle should 
be gu cn a number corresponding to a numbei m the stock list rathei 
than marking the stock \\ith the complete genetic formula The prac- 
tice of keeping three sets of stocks of different ages should be discon- 
tinued m favor of keeping two sets of stocks To insure against loss 
of valuable stocks they should be replicated, as many as four bottles 
of the same age being made up for some stocks In our laboratory 
the amount of leplication depends upon the value of the stock and 
its vigor Where only one species is maintained the tempei ature chosen 
should be as lo\i as possible without danger of serious mold contamina- 
tion As ne rear a numbei of species tiie stock cabinet is kept at 
about 20^ C , a temperature at which all species seem to thrive If 
D melanogaster alone were kept this temperature would be reduced 
to about 17” C At the temperature maintained we make up fresh 
stocks of D hydei, robusta, fimebns, and otlier slow -breeding species 
once e\ery two months Drosophila melanogaster needs to be cultured 
at somewhat more frequent intervals as it develops more rapidly 

Details on the use of special methods, such as balanced stocks for 
maintaining mutants which are lethal in homozygous form, are beyond 
the scope of this discussion This caution, however, seems m order 
Most balanced stocks should be examined at least twice a year by 
etherizing flies and making sure that the stock has not changed in 
genetic structuie Rare cross-ovcis do occur and often the new com- 
bination Ins a marked selective advantage over the balanced stock, 
leading to the eicntual loss of mutants if flics of tlie right constitution 
are not selected Generally homozygous stock flies may be shaken 
without etherization into fresh culture bottles, but special care should 
be taken that contamination does not occur at the time stock transfers 
lire made In some Hboratoiies stocks are etherized and exammed 
e\cry time new cultures are made up This is time consuming, but 
should probably be done at least once a year to catch any contami- 
nation which might have occurred Every effort should be made to 
eliminate work in connection with stock-keeping without running undue 
risk of losing % aluablc stocks 

There are no doubt improvements still to be introduced which will 
furtlier reduce the time required m keeping stocJvs whicli arc seldom 
used but too \aluable to discard We ha\e at present a stock of 
D melanogaster w hich has been cultured w ithout transfer for 16 months 
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m a vial 1 inch in diameter b> 4 inches in height, simply by adding 
a little fre<h food about once a month If long vials or large test 
tubes nere u'cd it might be pos-ible to maintain such stocks for as 
long as 2 >ears in this nay without transfer 


CONCLTJDi:^G STATEME>rr 

In the brief scope of this chapter no attempt has been made to 
renew the literature on Dro&ophila culture or to give an histone 
account of the development of improved techniques It has rather 
been our purpoaC to present a helpful rcautne of prcaent methods 
Malcnal from the volumes of Drosophila Injormation Servtoe, issued 
by the Department of Genetic**, Carnegie Institution of Washington, 
Cold Spring Harbor, under the editorship of the late Dr C B Bridges 
and of Dr Demercc, has been drawn upon w^th mention of the 
author We have not made reference to volume and page, as D I S 
IS not generally available An excellent pamphlet by Dr M Demerec 
and Dr B P Kaufmann («ec bibliograph> ) may be secured from the 
Carnegie Institution, 1530 P St , N W , ashmgton 5, D C , contain- 
ing, in addition to some of the material covered m this chapter, an 
account of the technique of making salivary chromosome preparations 
and permanent slides and a senes of laboratory expenments or exer- 
cises on the genetics of D melanogasler All students of Drosophila 
owe much to the late Dr Calvin Badges, who was ever seeking to 
improve techniques of culture as well as to develop mutant stocks 
useful in genetic studies His contnbutions m these belds have made 
possible much of the modem work on theoretical genetics My under- 
standing of the biologj' of Drosophila has come largely through manj 
helpful di'cussions on the subject with Dr A H Sturtevant and 
Dr Hamson Stalker The short bibliography appended may prove 
helpful to tho-c who are interested in a further study of Drosophila 
culture Thanks are due to Alisa Vivian PigO"i for preparing the 
drawnngs of apparatus and to Air Albert Spritzer for taking the 
photographs 

In concluaion it may be said that, except for special inv estigations 
where elaborate methods may serve to give more exact data, techmquea 
of culture should be kept as simple as po««ible in the interest of savung 
time, labor, and expense It is well, however, for the worker vvho_e 
pnmarj mtere-t is the u>e of Drosophila as a tool to pay some atten- 
tion to the biology of the animal 
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INTRODUCTIO^^ 

The production and use of healthy animals that arc free of parasites, 
and organisms that arc transmitted by parasites arc matters of first 
importance to every laboratory Even though all the best principles 
of breeding, feeding, sanitation, and care of animals are in constant 
practice, an infection of a louse-transmiUed Darionella can senouslj 
affect experiments during the critical period Tlic careful experimen- 
talist desires to eliminate parasites because they live at the exiicnsc 
of the animals, and liccau'e they arc under suspicion as vectors of 
disease-producing organisms He also wishes to eliminate any pcsts 
that can contaminate the food of the laboratory' animals 

Of equal importance is the question of the safety of the niatenals 
that are used for control of the parasites and other peats If it is 
necessary for the user of an insecticide or rodenticide to be cautioned 
against eating, breathing, drmking, or absorbing the material because 
of its ill effects on the health of man or animals, the statement is defi- 
nitely an admis-ion that the matenal is not satisfactory for use about 
laboratory animals The cxpcnmcntalist is interested in rodenticides 
and insecticides that can be bandied effectively and economically with- 
out any hazards There is no excu'e for a laboratory to choo«e an 
insecticide or rodenticide that offers a hazard, if a safer matenal is 
available for accomplishing the same purpose 
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EXTERNAL PARASITES THAT LAY EGGS 
ON THE ANIMALS 

Four kmds of parasites remain on animals throngliont their existence 

'^^leTcS:: (AnSra). which are hlne -o^r aUaHi to 
the shin and feed upon the blood of the animal J''« 
of incubation known for any species of blue lice is 25 days, the average 

'^T^ttungt^lwing lice (Mallopliaga) - — h or ^ 
ish in color and crawl freely over the animals They feed prim^^^^^^ 
upon the epidermis, though some species ca some capable 

o! feathers When they feed in clusters on the 

of leaving areas of the true skin exposed so ! 

sensitive and dry Such areas are not ‘oraaLms 

mal but also can serve as places of entry for bacteria o 
The injuries caused by chewing lice sometimes justify « “ 

light application of a soothing ointment oi a vegetable ^ ” 

hLing The incubation period usually varies from about 5 to 10 days 

3 Keds or “sheep ticks” (Mallophagx^ omnnsl feed “P“ 

skin, and blood of sheep They arc capable of living ° “imal 
for a few days but can reproduce only when permitted to remain on 

tllC Sll66T) e 

4 Three kinds of mangy skin are caused by four species o mange 
mites that live and reproduce m the skin Sarcoptic mange is the most 
common, and is recognized by the presence of Sarcoptes mites in scrap- 
ings made from the skin In making the scrapings for this sp cies 
a slight amount of bleeding usually occurs Demodetm mange i c l a - 
acterizcd by the presence of nodules that contain all stages of these 
elongated mites The canine Demodea are about five times as long 
as Lxxodex boms in cattle Infested dogs rupture the nodules with 
Iheir teeth, and numbers of Do, nodes, eggs may be found in fecal 
specimens Both psoroptic and cl.ouop le mites produce thick scab 
lesions that are usually rostneled to the legs, base of the ail, and the 
escutcheon of cattle The mites aie found quite easily beneath one 
of the mange scales If the imles possess iionited mouth parts they 
are readily recognized as Pwro/dc, and if they have broad mouth 
parts thee belong to the gums Chox.oples One species of Psoroptes 
often occurs m the middle uii of rabbits and sheep, where it is pro- 
tcctcd by the \\u\ o( 
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LABORATORY PESTS A^D PAR.VS1TES 


CONTROL OF LICE AXD MITES 

All species of hce arc readily controlled by the use of du=ts or 
emulsions made of pipcronyl butoxide and pyrethnns For Mallophaga 
and for migrating Anoplura spot treatments made on the animals or 
birds gradually bring the infestations under control When complete 
control IS desired from spot treatments, a second apphcatxon is desir- 
able, about 10 days after the first one is made Complete coverage 
of the animal with a dust containing 0 025 per cent pyrethnns and 0 5 
per cent piperonjl butoxide has given practical control of the short- 
no'^ed blue louse of cattle for 125 days, and has eliminated two species 
of jlfalfopfiagus on goats Dips and sprays lend themselves to rapid 
and complete coverage of the animals When made with dilutions of 
1 to 100 from a concentrate containing 10 per cent pipcronyl butoxide 
and 05 per cent p>relhrm8, single treatments of animals have con- 
sistcntlj given practical control of lice for 120 days or longer m tests 
involving about 8000 range cattle (Snipes, 1948) For control of hce 
on hogs m pastures (Moore, 1947) oil «olutions containing 0 5 per cent 
pipcronyl imtoxidc and 0 05 per cent pjrcthnns were U'^ed as spot 
treatments for complete control Two treatments were applied to 
burlap on a rubbing post in the pasture, with an interval of 10 dajs 
between treatments of the burlap The hogs rubbed the itching por- 
tions As the hce moved about on the animals they came into con- 
tact with the treated spots and were killed On human hce more 
than 50 per cent mortality was obtained with a dust containing 
0025 per cent pipcronyl butoxide and 0 0025 per cent pyrethnns, 
whereas a powder containing the same concentrations of pyrethnns 
and N-isobutyl undccylenamidc, the best synergist developed m World 
War II re-carch and u^ed with success m the Army pyrethrum louse 
powder, killed only 18 per cent of the hce In view of the high 
specificity of different combinations and concentrations of pipcronyl 
butoxide and pyrethnns to different species of hce, including the use 
of dusts for hce on rats, there is no hesitancy in recommending such 
combinations for all hce of animals 
Perhaps the most promising treatment for all mange mites thus 
far tested consists of the following pipcronjl butoxide, 0 8 per cent, 
pjrethnns, OOS per cent, Ultrasenc, 28 per cent, Tween SO, 20 per 
cent made to 20 ml with benzyl benzoate This solution is diluted 
with GO ml of lEopropjl alcohol and 20 ml of water to form an 
emulsion After the nutc-infestcd portions of the body are wa«hed 
in warm water to soften the scabs, the mange treatment is used to 


PARASITES THAT LAY EGGS ON THE SOIL 


481 


wet thoroughly the infested areas of the skin Two or three applica- 
tions at intervals of one week have completely eliminated all Demodex 
from dogs and cattle Sarcoptic mange has been controlled by the 
use of the same material with a single treatment Psoroptes in the 
ears of laboratory rabbits have responded to treatments made at the 
same strength as those employed for Sarcoptes, and a single treatment 
has been sufficient to eliminate this parasite in all rabbits treated 

PARASITES THAT LAY EGGS ON THE SOIL 

Two species of ticks sometimes become serious pests of laboratory 
dogs, the brown dog tick, Ithipacephalvs sangineoiis Koch, and the 
American dog tick, Dermacentor andersoni Stiles The latter serves 
as a vector of spotted fever of man in the eastern states It de\ elops 
from the larval to the nyraphal stage on field mice, where it normally 
drops from the animal and molts Later it normally attaches to dogs 
but w ill feed upon man Before the development of piperonyl butoude, 
dogs infested with these ticks were dusted with ground derris contain- 
ing 5 per cent rotenone It was necessaiy to repeat the treatments 
in order to keep enough dust on the animal Both species may now 
be controlled by dipping or thoioughly spraying dogs with a diluted 
emulsion containing piperonyl buto\ide 1 per cent and 0 1 per cent 
of pyretlinns Another formula has been used on a limited number 
of animals, and it promises to be equally as effective at a reduced cost 
It consists of piperonyl butoxide 4 per cent and rotenone 1 per cent, 
with a suitable emulsifier It is diluted at the late of one volume 
of the concentrate with 19 volumes of water, and is also applied either 
a dip or spray for complete coverage of the annual In the use of 
either formula the same diluted material is also sprayed on the floors 
2nd walls of the animal room m order to kill any living tides that may 
be present In. applying tlie spray it is important to cover the base- 
boards or the floors near the baseboards thorouglily, so that molted 
nymphs of the brown dog tick migrating down the walls will go across 
the treated surface and will be killed 
Fleas lay eggs while tlicy are on animals, but the eggs drop to the 
soil or bedding and liatch into flea maggots In dust or dry bedding 
the maggots find ideal conditions for their dc%olopincnt For a rajiid 
elimination of all llcis one should treat tlic bedding of the animal at 
the same time the animal is treated One may use citlier llie dip 
or spra> suggested abo\e for control of hcc, or ho may apply a 
dust consisting of 0 5 per cent piperonyl butoxide and 0 05 per cent 
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pjrethnns The ®ame du't ma> be blown into rat burrows and on 

floors for control of fleas on rats and other animals 

If the animal mfe-ted with flea-* has been permitted to run m a 
>ard or run\\a> one can succc-'sfullj treat the animal with a liquid 
soap containing 1 per cent piperon>l butoxide and 01 per cent py- 
rethnns About 30 ml is worked into a lather on an average-size dog 
and 13 allowed to become dry on the hair The ammal is allowed 
to visit different places where fleas are emerging so that the fleas will 
be picked up and promptly killed b> the treatment One treatment 
of this kind remains effective upon the animal for about five da>s, 
after which it should be repeated for cliimnation of other fleas that 
are con'^tantlj emerging from the soil If the dry soap pre-ents an 
objectionable appearance, one can appl> it every day or two and nn=c 
the animals in the nonnal manner This will kill tlie fleas present but 
w ill not afford a lasting re<‘iduc on the hair 


INTERNAL PARASITES OF ANIMALS 

In a survej of 2C36 rats from a refusc dump near Baltimore, Lutter- 
mo er (1936) found di/Tcrcot groups of hclrainlhs in the proportions 
shown in table 1 for adult and juvenile rats 


TABLE 1 


Incu)e>cb or I>rESTATioss or HEUiiATna Ls 263C Bai-tuiobb lUis, 
JiaUus noTveffuus 

2o00 136 

Adult Rats Juvenile Rais 


Taxonomic 

Group Name oj Parable 

Ccstoda Cyitturcui fasctolan* 

IlytTieTwUpu dimxaxda 
HytnenoUptt Tiatta var 
fraUma 


Percent- 
age of 
Posa Inci- 

Uves deuce 
4SO 19 2 

414 16 6 

2S0 11 4 


Percent- 
age of 

Posi loa 

lives dence 

I 0 7 

9 6 6 

5 3 7 


Nematoda TncJioaomotde* CTeustcovda 22.^9 


CapiUana ttepalica 2140 

Slronyylotdtt rallt ,,03 

Xippoilronffylua mum 421 

Jleierakis tpumoia 

Tnchinelia $ptralt9 30 

Syphaaa obtclata 12 


Acaatbocephala MonSt/ormu monHi/ornttM 


90 4 
85 6 
20 2 
16 8 
1 6 
1 2 
0 4S 
0 04 


44 

29 

2 

0 

1 

0 

0 

0 


32 3o 
21 5 
1 3 
0 

0 7 
0 
0 
0 
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These findings suggest that the presence of wild rats in animal rooms 
might introduce the'^c parasites into the colony of experimental rats 
They also suggest the importance of rat pioofing the animal building 
and some additional methods for preventing rats from obtaining in- 
festations of helminths Complete drying of the floors icadily lesults 
in destruction of the rhabdidiform and infective larvae of nematodes 
The u'je of hot ^\atei on the floors kills infccti\e larvae and coagulates 
the albumen of the tape^^o^m eggs Regular and frequent scrubbing 
of the floors ^\ith hot water and soap removes Ascans eggs of dogs 
or cats When dogs and cats arc kept away from the rats and rabbits, 
there is less opportunity for Cysttcercus m the smaller animals, also 
little chance that adult tapeworms will develop in the dogs and cats 
Only well cooked meat sliould be supplied to expeiimental animals 
This axoids development of tapeworm, a cysticercus or a TricJnnella 
infestation 


ARTHROPOD PESTS 

Different species of m«ects occur in the laboratory and about the 
feed rooms vihere they liave an opportunity to contaminate feeds and 
annoy the animals It is possible for mosquitoes and biting midges 
to transmit bird malaria and heaitworm of dogs, for some gram 
"eevils to serve as an intermediate host for a tapeworm of rats, or 
for one species of cockroach to *!erve as an intermediate host of 
i^lansons eyeworm of chickens If one prevents the development of 
rlicse pests and applies the good principles of sanitation and animal 
management, the full advantage of a safe and efficient insecticide can 
6 obtained in animal buildings 


PREVENTION OF DEVCLOPjMENT OF PESTS 

Despite claims to the contrary that may ha\e been misleading 
prevention lemains the keynote of control If pests that normally 
o\eIop about the premises of the animal building are not prevented 
join developing, the continuing emergence from breeding places on 
1 C premises can offset the advantages obtained from proper application 
^ ^ good insecticide It is important to remove droppings of animals 
prompt! V from the premises, and to di«po=c of them at regular intervals 
o injure drjmg of manure before any flies have a chance to develop 
|u It When hoi^cflies, «tablcflxc9, and eye gnats are not allowed to 


build 


m accumulations of manure and straw, fly control becomes 


^ of killing flics that “hitch hike” on trucks or migrate from 



L \BORATOR\ PEaTS AND PARASITES 

outride breeding places If wild rats and mice are eliminated by rat 
proofing the buildings rather than by permittmg visits from dogs and 
cats It 13 possible to avoid introduction of fleas mites and lice of rats 

I^SECTICIDI^ AND RODENTICIDE3 

Any insecticide or rodenticide U'^ed about feeds or the animals should 
be free from hazards of to\icit> to vvann blood animals This not 
only IS good insurance against errors m applications by untrained 
or inexperienced per ons but al o elmiinalCij any po sibility of poison 
mg valuable laboratory animals 

Before ^\orU \\ar II pyrctlirum <=pra>8 were u«cd on surfaces of 
huts for control of malaria mosquitoes in India b> Russell and Knipc 
of the Rockefeller Toundation Because there was a short supply of 
this ‘•afo in ccticide during the war it did not find general 0*0 jn surface 
trcatmtnti for control of flics and other in ccts >»ow that it is being 
imported in quantities ample to meet all rca«onabIc needs and safe 
insecticides which arc activated and extended by the addition of small 
amounts of pjrcthrum extracts are in production it is reasonable to 
expect that laboratories with safety uppermost m mind vsill use m- 
crca«cd amounts of ■•uch combinations 

Groun I py rethrum du t has long been u«cd «afcly on dry floors and 
in cupboards for control of ants fleas, mites, silver fish and scorpions, 
but It has been more uni\cr=all> u«cd for control of cockroaches For 
all the*-e purpo cs the dusts impregnated with pyrctlirum extracts arc 
more effective than are the ground pyrethrum flowers The quick 
killing actu n on roaches and other in'^ccls afforded by py rcthrum du«ts 
and the complete afety of the inatcnals about food products, have 
had much to do with their wide and successful u«t in food processing 
plants an { m food liandlmg cstabli«limenls 
The development of pipcronyl butoxidc for u«c with small amounts 
of pyrethnns {\\ach3, Dove, 1947, Donohoe 1918) has a very 
fpecial ippial to laboratories that maintain animals for experimental 
pur^x) ts Studies on the acute toxicity of this compound show that 
It IS ntcc 'ary to u c 7^4 cc of pqKronyl Lute xide per kilogram of 
bodv wtjglit m ordir to obtain an AILD 50 for rats, and that the «aine 
* nicr of toxicity aUo applies to other warm bloixlcd animals This 
means that one uuy u c 37*' times as much of this clicnucal and •■tiU 
be m the •■amc of safety as ftr many m tcticides Actually 

only about the quantitv is nccdcil m insecticidLs so that on the 
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basis of use the toxicity to warm-blooded animals is about ^oo of 
that of some other insecticides 

Chrome toxicity tests aic being made on lats at Baltimore Groups 
of twelve pairs of "Wistar btiain rats have tolerated 10,000 paits per 
million of piperonyl butoxide in all food eaten by them The tests 
were started at weaning time At the end of 96 weeks three successive 
generations have been reared without any mortality due to the chem- 
ical Similar rats have already tolerated for 96 weeks 1000 parts per 
million of piperonyl butoxide and 200 parts per million of pyrothiins, 
with no mortality and no effect upon reproduction Next to safety 
nn insecticide must be efficient in killing insects 


AEROSOLS AND SPACE SPRAYS 

Aerosols or finely atomized ^^prays are especially effective against 
free flying insects and are dependable for quickly killing such insects 
m buildings Aerosol bombs containing only piperonyl butoxide and 
Pyrethrms as active ingredients aie available and can be effectively 
Used at 3 grams of the contents to 1000 cubic feet of space Flies 
fhat come into the buildings from distant places as well as any emerg- 
ing in the buildings are killed within 30 minutes Both aerosols and 
finely atomized sprays will also kill gram moths, mosquitoes, midges, 
gnats, leaf hoppers, and diffeicnt species of insects that are attracted 
lo lights in buildings Electric sprayers and fog generators are find- 
mg nse for similar purpose'? These treatments also can be used to 
kill cockroaches, but require exposure periods of 4 to 6 hours One 
uses about 5 times the dosage that is required for flying insects 
Good space sprays, finely atomized sprays, and aerosols consist of 
^rticlcs that usually range from about 10 to 30 micra in diameter 
Broplels larger than these fall rapidly to the floor The ‘?ina]I droplets 
m this range float in the air and remain effective for onc-half hour 
or longer against different flying in«ccts All of tJiese methods are 
mo<5t ad\ antagcously u‘5ed when it is desirable to kill the flying insects 
yuckly Tlieir u^e makes it possible for one to promptly remove the 
^ad injects so that animals cannot cat them 


SURFACE SPRAYS 

fu contrast to space surface ‘•prays arc applied witli large 

‘roplcts which do not float in the air TIion are u-cd on surfaces lu 
miUlings and about entrance^ for producing rc-idms that will kill 
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insects that re t upon them In applying a surface =pray any drifting 
of the < 5 pra> particles to the floor is considered an objectionable feature 
Satisfactory applications are made from a sprayer nozzle having an 
opening of about 0 060 inch and with a pre sure of 25 to 40 pounds 
per square inch Experienced pe^t control operators often show a 
preference for a fan shaped «pra> rather than a cone shaped one 
^omc of them prefer a tubular tank sprayer with a capacity of 3 gal 
Ions equipped with Spraying Sy<5tcms Company 8001 or S002 fan type 
nozzles About 5 ml per square foot or about 1 gallon to 7o0 square 
feet IS the u«ual rate of application that will give no run off but a 
good co\crage of the surface Uhen such ‘sprays deposit 5 mg of 
pjrcthnns and 50 mg of piperonyl buloxide per ■square foot of surface 
they can be u^ed effectucly against flying in'ccts about the entrances 
of buildings and on the inside walls They should not be applied 
directlj above the animal cages or feeds «o that dying insects can be 
ingc ted by tlie animals An emulsion concentrate containing 10 per 
cent piperonyl butoxide and 1 per cent pyrethnns diluted with 9 equal 
\olunics and applied at the rate of 1 gallon to 750 square feet, will 
give a deposit of approxiinatclj 5 mg of pyrethnns and 50 mg of 
piperonyl hutoxidc per square foot Such a treatment is applied only 
to the favorite rc‘-ting places of flics as indicated by fly specks on 
the sharp comers of posts beams and window glass A dilution of the 
10 1 concentrate with 4 volumes of water applied at the same rate 
will give protection against flics for about G weeks instead of for 
3 week*' and will be more rapidly effective against roaches 

Both tilt c applications arc dc igned for obtaining residues on ‘‘ur 
faces that will kill flies witlim 30 minutes At the end of 4 months 
each of the c pra> treatments in buildings has continued to kill flies 
trom a large number of practical tcots with the c applications it 
con trvativc to ‘■ay that either of them will kill flics inside building* 
for an entire season in the northern portion of the United States and 
that about three treatments will give practical control of flics for 
an entire season m tlie southern part of the United States 
Fruit flies (Drosophila sp) can develop ‘■o rapidly in an old neg 
Icctcd orange or cantaloui>c that they are not killed as fa*t as thej 
emerge It is alvi able to eliminate «uch breeding places each dav 
A -pccially preparod roach concentrate ma> be diluted with an odor 
Ic h lia c oil It has a ratio of I part of pyrethnns to o parts of 
pipcronjl butoMk and may bt diluted with 9 equal volumes of oil 
foru t as a direct '•pr i> It gives a knockdown of mo t of the roaciiCs 
within 30 minutes Even the most re<i tant la^t «lage njniphs of the 
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American roach show a mortality of more f f 

the first 24 hours, m tests made by sv'lle propos« 

The progressive kill which tm'euc’aii roach m 96 hours 

per cent of the last-stage nymphs of t - insist upon 

The Pyrenone roach concentrate is favore y pers , , ^ jj 

a inj degree of efficiency '^-P'^uild uf ^o^^^ 

Repeated use of this spray tends to b P „,ivantage in the 

long-lasting residues, which can be used to dist.nc advantage 
special places that are most favorable foi cockroac 
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Abnormalities m banister, 146 
Abortion, m cats, following ovaiiec- 
tomy, 219 

followmg sympathectomy, 223 
^ guinea pigs, and temperature, 97 
Abortion virus of mare, and hamster, 
147 

^bj'i'inian guinea pigs, 98 
Acanlhoccphala. 71, 482 (table 1, p 
482) 

Acarma on rats, 71 

Accommodations for dogs, 182-190 
tfig 1, p 183, to fig 13, p 200) 
Achondroplasia in rabbit, 154 

cliMly, of dog, during sexual heat, 


proiop/ula, and temperature, 456 
« barastcr, 137-138 
rat, and menopause, 01 
“lid ovulation, 61 

Eign of cstnis, 69 

olescence m monkey, 26-27 

on uterus of cat, 220 
^ iQ aquaru, 352 
* torch for sanitation m rat col- 


ony, 53 

insecticides, 485 
"'•ui homed toad, 342 
'saT'' ”^°'^^^‘*“rcedcr, 378 

^Iture medium for DTo$oph 
402 

V m hitler size, ‘ 

changes with, 23 
‘^I'orted, 35 

la!*’ breeding, 58, 65 
Uioihcr>, effect on weight 
62 (table 1, p. 62) 


Age determination, m rats, 63-04 
m turtles, 324 

Agglutination test for chickens, 294 
AgKislrodon, 301-302, 311 
Air-bomo infection, of monkeys, 40 
of rats, 53 
Algae, 385 

m aquaria, 355, 360^61, 366, 3,4- 
375 

Alligator lizards, 318 
Alligators, 325 

Amblystoma, genetics, 334-330 
housing, 334 
see also Amphibia 
Ambtysloma pmclatum, 332-333 
lignnum, 332-334 ncooso 

Ammo acids m chicken diet. 288-280 
Amocbiasis, m lizards, 317-318 
m snakes, 310 
Amphibia, 331-344 
collection, 331 
food, 33^36, 340, 382 
mfecUon, 337-338 
laboratoo' 

reproduction, 332 
fcpawnmg, 338-310 
types, 333-335, 342-343 
water supply, 336-337 
Amphi-bacmds, 314 
Anuchans, 375 (fig 5, p 3.0) 
m aquarii, 354, 308 
as bpaiinmg material tor fi-lics, 

uutouiy, ropr^luctire. of opo.uni. 

250 

270 , 

acmia. liarlomlh, in rat.. 
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Ane'-thesia and temperature, 451 
Anesthetic, for Drosop/iifa, 46-1 
for opossums, 267 
Annelid earthworms, 3S1 
Anmella, 318 
Anofi*, 313, 319 

Anomalies of birth, cat, 215-216 
Anopleura, 70-71, 479-lSO 
ATioptichthys, food for, 378 
reproduction, 390-393 
Anovulation in monkey, 20 
Ant control, 484 ^ 

Anterior pituitary gland of ferret, ef- 
fect on sexual cycle, 215 
stimulus, effect on ovulation, 217 
see alto Hypophysis 
Anthrax in rabbit, and diet, 179 
Anura, 331 

Appetite, in dogs, as symptom of dis- 
ease, 191, 193 

in snakes, as indication of health, 
303 


Aquana, aerators, 352 
algae m, 355, 360-361, 300, 374-375 
balance, 365-306 
fishes, 34S-355 (fig 1, p 319) 
stands, 351-352 (fig 2, p 351) 
light m, 354-355 
35S-3G0 

shape and size, 352-351 
fciphon, use of, 357-359 
sources of supply, 425-426 
water, 360-363 


chlorine m, 361-363 
effect of metals on, 363-3C5 
Aquatic plants and their u^es, 3c> 
Arachnids in snakes 309 ' 

Arltmw, 342 ' 

Arthropod peats, 4S3 
ArUficial uucaiination, of fisW 4 
of rabbit, 162-163 

Ascandw Itneala, 297 
Ascom egg control, 483 
Ataxia m rabbit, 

Atropine«lcrase, 151 
Audiogenic seizures m rats. 59 
Aulophonxs as fi^h food. 385 
Autop-y of salamanders, 337 
Avian leucotia, 235 


Axolotls, 331 

feeding, 33^-330, 340-342 
Mexican, 334-335 
reproduction, 33S-339 
spawning, induced, 338 

Babbington's curse m aquana, 

Baallus columans m fishes, 423 
Baedius infection in hamster, 147 
Bactena, action on wastes, 3S2 
in nquana. 359, 361 
aquatic, 375 

entry of, through ekin, 479 
m rat colony, destruction of, 53 
m snakes, 310-311 
BacUnal disease^, m dogs, 191 
in Drosophila, 471 
I m ferrets, 250 

1 m rabbits, 171-174 

Bacteriological incubators m Pros 
phila work, 452 

Baclenopbngc in conditioned wa e > 
361 

Balantidium m guinea pig8» 

Banana in culture medium for 

ophila, 458 ...» 

Banding chickens, 281 (fig P 
Bantam chickens, 269 
Barking, elimination m dogs, 195 
Darlonella, 72, 478 
Baas, smallmouth black, 361 
Balhmg do^, 201 
Bedbugs, on mice, 95 
on raU, 71 

Bedding, for do^, 184 
for ferrets, 236-237, 248 . 

for hamaters, 123, 137-139, l«-l*» 
for mice, 83 
for oposaums, 263 
for rets, 52-53 
Behavior, of fishes, 346 
of hamsters, 137-139 
Benxyl benzoate, 4S0 
Bella, 346, 353 
reproduction, 3S6, 378-400 
Bimini, laboratory at, 419 
Bird malaria, 4S3 
Birth of rats, 62 (fig 21, p 60) 

Birth anomalies m cat, 215-216 
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Birth weight, of guinea pigs, and lit- 
ter size, 101 
of monkeys, 21 
of opossums, 256 
of rabbit, 161 
of rats, 62 

Biting, m monkeys, 30-31 
in snakes, 301 

Bladder worms m rabbit, 175 
Bladderwort, m aquaria, 370-371 
as spawning material for fishes, 404 
Blind characin (fish), reproduction, 
390-393 (fig 14, p 391) 
review of research on, 392-393 
Blindness in chickens, 295 
“Bloat” m rabbit, 175, 177 
Blood, of chickens, testing, 294 
of fishes, 360 
gaseous exchange, 365 
of hamster, 148 
of rabbit, 153-154 
6ce also Serum 
Blood vessels of rabbit, 167 
Blowflies as food for lizards, 310 
Body length, of hamsters, 120 
of monkeys at birth, 21 
see also Length 

Bones, deficiencies in rabbit, and diet, 
179 

Bot fly on turtles, 323 
Box turtles, 322, 324 
Boxes, Bee Cages 
Brachydactyl, rabbits, 154 
lirachydamo, reproduction, 385-3S6, 

394-396 (fig 16, p 394, fig 17, 
p 395) 

Bram infection m hamster, 147 
Breasts, infected, m rabbit, 173-173 
Breathing process in fishes, ^0 
see also Respiratory diseases and 
Respiratory infections 
Brecht feeder for monkey infant, 23, 

40 

Breeding, of cats, 202-205, 207-227 
of chickens, 2S2-2S5 
of dogs, 19S 

of fcrrcLs, 241-215, 218-249 
of fishes, 3S3-U9 
of frogs, 332 


Breeding, of guinea pigs, 100-101 
of hamsteii., 123, 128-137, 145 (tables 
1 and 2, p 132, table 4, p 135) 
of lizards, 318 

of mice, 79. S3, S9-90, 94 (fig 4, p 
91) 

of monkeys, 17, 19-20 
of opossums, 256, 259, 260, 263-264, 
266 

of rabbits, 161-167 
of rats, 43, 58, 65—66 
lecords, 56-57 (figs 16, 17, 18, p * 
55, fig 19, p 56) 
suggestions, 73 
of snakes, 311-313 
Breeds of rabbits (table 1, p 155) 
Bronchitis m chickens, 295 
Brooders for chicks, 271-272 
Broodmess m chickens, 281 
Bubble nest builders (fish), 386, 398- 
400 

Buck teeth in rabbits, 174 
Bullfrog, 332 

Cabomba carohmania in aquaria, 368 
(fig 5, p 370) 

Caecum m rabbit, 176 
Cage paralysis in monkeys, 34 
Cages, for cats, 203-204 
for chickens. 268-277 (fig 2, p 271 , 
fig 4, p 273) 

for dogs, 182-190, 201 (fig 2. p 181, 
to fig 13, p 200) 
indoor, 189 

outdoor, 183 (fig 1» P 183, to fig 
13, p 200) 

for ferrets, 236-214 (fig 2, p 239, to 
fig 0, p 243) 

for guinea pigs, 108-111 (fig 4, p 
108, to fig 8, p 112) 
shipping, 114 

for hamsters, 121-125 (fig 3, p 121, 
fig I, p 125) 
cleaning, llt-145 
for Iiz.irds, 311 
for mice. 82-87 (Sg 1, P S2) 
cleaning, S3, SO 
metal, 84 
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Cages, for mout-ejs, 5-7, 17-18, 25, 37 
(fig 4, p 10 to fig 6 p 12, fig 
10, p 18, fig 12. p 24) 
adult, 11-12 (fig 7, p 13) 
cleaning, 8, 16-17 

construction (fig 2 p 6) 

indoor, 3, 10 (fig 1, p 5. to fig 3, 

P 7) 

for long-term in\ estigationa, 8-9 
for metabo/ism studies, 6 
for nutntional studits, 6-7 
for short-term ci.penmcnt'*, 4 
for opossums, 258, 200-262 (figs 7 
and 8, p 202) 

for rabbits, 154-158. 168 (fig i, p 
156, to fig 4, p 153) 
for rat. 45-49 (fig 3, p 40), 74 
cleaning, 44, 53 
control of ringtail, GO 
donncT tip«, 45-46 (fig. 4, p 47) 
for mid gra>s, 45 
for makes, 303-300 
Caimans, 325 

Caked udder in rabbit, 172 
Calcium in cliickcn diet, 2S9 
Calluses in dop, ISO 
Cancer in fishes, 346-347 
Candling eggs, 2SO-2SI 
Canker m ear of rabbit, 170 
Cannibalism, m chickens, 273-274 
ID ferrets, 23-5, 237, 243 
in fishes, 353, 418 ' 

in hamsters, 130, 133 (tables 3A and 
3B, p 134) 
in rabbits, 179 
in makes, 303 

Caramut, reproduction, 3S5 
Carbohjdratcs. in chicken diet, 237 
in monkey diet, 14-15 
see alio Nutrition 

Carbon dioxide, in Daphnia culture 
water, 3S0 

effect on Drotophila, 452 
eliQimatioD, m fishes, 3G0 
in i%ater, 363-3G6 
Canes in hamster, 147 
Carragar as culture medium for Z>ro*- 
ophila, 462 

Carre distemper m dogs, 191-192 


Gala, 202-233 
breeding season, 207-208 
care and hoii'-ing, 203-201 
corpus lutcum, 217-2^ (fig 5, p 
218; fig 6 p 219) 
diseases, 205-206 
cstrus, 208-209 
fertilisation, 213 
gcDctioa, 227 
geilatfoa 213 

growth, tmbrjonic and fetal, 213 

housing, 203-201 

h>poph>t««. 220-227 

Uctation, 214-215 

litter sue, 214 

nutrition, 200-207 

o\ar>, 217 

o%iduct, 220 

oiulaiion. 209-213 (figs 1 and 2, p 
210, figs 3 and 4, p 211) 
parturition, 213 
po«toatal development, 216 
pveudopregnano , 210 
reprodiiclion, 203-201, 207-227 
sanitation, 204-206 
supcifctation, 215 
symchonal litter mate*. 215-216 
uterus. 22(^220 (fig 7, p 221, to fig 

12. p 226) 
vagina, 226 
vaginal smears, 209 
water supply, 200-207 
Cat’s tongue, plant lo arjuana, 373 (fig 

8, p 373) 

Cattle pest control, 450 
Cavc-characin, 378 
CeTttlophj/llum in aquana, SGS 
Ceratophydus on tat, TO 
Ceratopferrs lhaltcrotdes m aquana, 

372 

Cestodes, m chickens, 297 
m hamsters, 145 
in luards, 317 

m rata, 71. 4S2-4S3 (table 1, p 4S2) 
in snakes, 309 
in turtles, 323 
Chameleons, 313, 317, 319 
Cheek pouches of hamster, 137 
CbcIoQia, 299 
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Chelydndae, 320-321 
Chemicals, effect on fishes, 346. 364- 
365 

Chicken pox, 295-296 
Chickens, 26S-298 (fig 1, P 270) 
breeding stock, 282-285 
broodmess, 281 

comparison of breeds, 282-284 
differences in breeds, 282-284 
diseases, 280-287, 293-293 
disinfectants, 286 
egg production, 277-278 
embryos, obtaining, 269 
fertility, 278 
growth, 269 
handling, 270 
hatching eggs, 281-282 
heredity, 283-285 
housing and care, 270-277 
incubation of eggs, 27S-279 (fig 8, p 
279, fig 9, p 280) 

Manson’s c>c\sorm, 183 
nutrition, 287-293 
o\ulation, 268-209 

parasite**, 297 I 

reproduction, 277-285 
ikinitation, 2^287 
sex dttcnnmaliou, 2S4-2S5, 409 
btrams, hybrids and cio'^sbrccds, 2S1- 
2S3 

temper iturc, 2S8 
water supply , 2SS 
Chiggcnj on turtles, 323 
C/jiWon m fishes, 123 
C/idoMicni«cu4, 300 
ChlorcUa, 371 

Chlonno m aquaria water, 301-303 
Chorti m dogs, 191, 193 
CAunoptis, 479 

Chromo'Himc'*, of Drosophila, 400-409 
of rabbit, 153-151 
tea olio lUrciluy 
Chrytetnyi, 322, 321 
CbuekwalK, 313 

Cichhd tithes, resitw of rc«oan.h on, 
403 

Cdi\trs m fi-hc'', 423-121 
Cimrj frclunjhuj on r»ts 71 
Clcanhui't, m. ^untation 


Cleavage m cat egg, 213 
see also Heredity 

Climate, adjustment of hamster to, 

131 

Climbing m dogs, ISO 
Clipper, electric, for monkeys, 40 
Clysa in monkeys, 35 
Cmdosporodials in fishes, 424 
Coccidiosis, 294-295 
control of, 113 
m dogs, 195 
m rabbits, 174, 179 
Cockroaches, 4S3-4S6 
m mouse colony, 95 
m rat colony, 73 
Coitus, sec Copulation 
Cold, effect on crocodiles, 326 
tolerance of opossums to, 263 
see also Temperature 
Colds, m cats, 205 
m chickens 286 206-297 
m guinea pigs. 103 
m rabbits, 173-171 

Combs m chickens, rtmoval of, -<0 

(fig 7, p 276) 

Cooking in monkey colony, 15 (fig 8 

p 16) 

Copperheads, 301 
Coproplugy m mitc, 81 
Copulation, of ferret, 215-218 
of h jmblcr, 129-130 
of opossum, 261 
of ribbit, 162 
see also Mating 
Con! snakes, 302 
Cordylidae, 318 _ 

Corpus lutcum, in cats, 21<-220, — > 
m ferret, 217 
Costia in fishes, 121 
Coati of dog colony, 198 
Colton mouth, 301-302 
Counting phtc for Drosophila. Hw-lOO 
Counge m ferrets, 235 
Courtdup patera of ftmt, 2t.>-.l. 
Cnting mts. ste bluppmg of rats 
Cnstctl hzanl, 315 
Crippling of rabbit, vml ‘lut, 
Crocodilian-*, 299, 4*2.>-d27 

fooil and fi-i-diug, 32U'327 


Crocodilian!', liamllini; anil trmi>oitf 
tioD 325-32C 
Lcallh and du^a o 3^7 
hou‘mg, 320 

C’rovbrK'dins: of chirkin' 2>>l 2S5 
of Drosophila 4CG-107 473 I 

p 40S) 
of mict, 94 
Cro<<ifu«, 302, 311 
Cr]/pluchor]/nc, 339 3G7 
Cr>6talnort in a'iu.kna 371 
CfenoccphaMiii on rat, 70 
Culture, of Orutophili, 4>0-lT7 
container, 43G-13S 
medium, 13S, 103 
CuriO'ilj in ham'lcr, 13S 
CvclfKhaita in fidiet, liJ 
C'j/nom«a as too>l for lizard', 310 
Cjpnnidac, mx (.liaraclcri'lii-* of. 
Cjpnnids as Sdt food, 377 
CyslieiTcun, 71, 1S3 
C>toloKy of cat, tor^ms lutcum, 217- 
21S 

liypophjsw, 220-227 
ocai>> 217 
OMduct, 220 
uterus, 220-223, 223 
\agm, 220 

Danioa, 316 

reproduction, 3S5, 391-390 (fig 10, 
P 391, fig 17, p 333) 

Daphnui, 310 

cultures, 335-337, 310-312. 378-331 
(fig 10, p 379) 
as fish food, 377, 401-405 
mafpia, 3S0 
mouta, 3S0 

pulex, 3S0 (fig 11, p 383) 
as water teeters, 337 
DDT, lor control, ol bcjbug, u, „i 
colony, 71 
of lice on rats. 71 
toxicity for mice, 95 
Death rate, of hamMcrs, 145 
of monke>8 at birth, 21 
Debarkmg dogs, 195 
Defecation, m axolotls, 330 
m snakes, 305 


r.x 

lX.rici<nr> dw »-«<!« of fislw!*, 373 
«tc itDo Nutritiun 
Dtmotlej;, 179 

IXntilioa of rats, abnormal. CJ 
IX|itaiur> formula for luonktj, 10 
l)i Tuutft nlof iiiiJ‘rii>ni Milis, 1^1 
IXntutiti*, m liim'ler, 113 
III nlibit, 17S 

IXrris for nntrol of her on raL«, *1 
IXMJxycorluo'l* rotie antati, itfci-l o» 
iit< r^is, 225 

Uciilcntiuti HMiiii for ojaaviuin*, 2fi3 
(fig 0. ]• 203) 

Dcitfopmcnt, of guinra piiy, Drulkom, 
lOU 

of lum-lrr. 137 
of monkey, immature, 25 
Diirriiei, in rhirkins, 291 
IQ }i(im>tcr<, 1 10 
■n rabbits, 173, I77-I7S 

t irifimaiuf, 230 - 23 ?, 200-201 
(fig C. p 2C1) 

Di< t. 4(r Nutrition 

DiLlbybtillMrtrol injections m htt”' 
etrr, 129 

DifTcrx-nris Ulucen gray and albino 
rnis, G1 

DirtMivc *y'tctn of rabbit, 173 
Dilhlberia in ehirkens, 295-29C 
Ihitfotaiirii*, 313 
Oi^ciphac of monkeys, 30 
Dim ISC, earned by Tubilrz, 35l 
Ducascs, in cats, 205-200 
in chickens, 2S5-2a7, 293-293 
m irocodiks, 327 
in dogs, 191-191 
m fcTTcU, 230 219-251 
in fisiics, 310, 375, 331. 123-121 
m guinea pigs. III, 113 
in liaiii'tcrs, 113-140 
imrauDuation, 191 
in lizards, 310-313 
la mice, 81, 95-00 
m oposauins, 200 
in rabbits, lCS-170, 173-175 
in rats, G7-G9 
in snakes, 303 
in turtles, 323 
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Disinfection, of chicken colony, 2SQ 
of dog colony, 189, 190 
of ferret colony, 219 
of himstcr colonv. 111 
of rabbit colony, 109-170 
see also Sanitation 
Disposition of hamsters, 137-138 
Distemper, in cats, 205 
in dogs, 191-192 
m ferrets, 2ol 
Dogs, 182-201 
accessories, 200-201 
accommodations, 182-191 
bathing, 201 
breeding, 19S-200 

cages, 182-190 (fig 1, P 183, to fig 
13, p 200) 
cost of raising, 183 
debarking, 195 
diseases, 191-191 
gestation, 199 
grooming, 200-201 
lieartworm, 483 
identification, 190-197 
isolation, 101 
mating cycle, 199-200 
nutrition, 197-19S 
parasites, 185-lSO, 194-195 
pest control, 480-481 
reproduction, 199-200 
runs for, 185-1S6, 188-189 
sanitation, 196 
skm diseises, 193-194 
ticlvs, 4S1 
ventilation, 196 
water supply, 191 
Domestication, of ferret, 235, 253 
of hamster, 126-127, 137 
of rat, 59, 64 

Dormer cage for rats, 15-46 (fig 4, p 
47) 

Drinking devices for rat, 51-52 (fig 11» 
P 51) 

see also Water supply 
Orosophila, 150-477 
anesthetizmg, 464 (fig 9, p 464) 
control, 4S6 
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DTosopMn, culture coulamcr, 450-158 
medium, 158-453 (fig 5, p 159, 
fig 6, p 160) 
room, 150—151 
egg collection, 469-170 
as food for lizards, 316 
genetics, 4C6-IG9, 475 (table 1, p 
408) 

handling, 463-169 (fig 8, p 463) 

maintenance of stocks, 474-476 

pests, 170-174 

review of research on, 476 

sex determination, 466 

skipping, 457-453 

species, 475 

I lempcraturc cabinets, 451-456 
I Drowning of fishes, 360 
Duckweed m aquaria, 373 (fig ", p 
372) 

Dwarf rabbit, 154 

D>strophy of muscles in rabbit, and 
diet, 179 

Ear, of mice, punching for identifica- 
tion, 91 

of rabbit, canker, 170 
importance m research, 167 
pathology, 175 
of rat, disease, 68 
Earthwoims, see Worms 
Ecdysis, m lizards, 316-317 
m snakes, 307-308, 312 
Economics, dog colony, 198 
Ectoparasites, of rats, 70-71 
of snakes, 308-309 
Egg carriers (fislies), 386 
Egg scatterers (fishes), 385-396 
E^, of Amblystoma, 334 
of axolotl, 339-340 
of chicken, candling, 2S0-281 
fertile, 278 
hatching of, 2S1-2S2 
lading of, 269 
production of, 277-278 
size, 278 

testing m incubator, 280-281 
of Daphmu, m winter, 3S0 
of Drosophila, 469—470 
of fishes, fertile, 340 
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EgKS of frogs securing of, 332-333 
of turtles fertile, 325 
of Xcno;)u< lacvit, fertile 312 
i«c/i/ioniia spcciona m A'juariJ, 37i- 
373 

r«mcna, 291-295 

Electrocoagulation of venom duct of 
snake, 303 

Elodca in aiiuana, 3C3 
Embryology in amphibia, 331-333 
m axolotls, 310 
m cat, 212 

m fishes, 316, 3S9, 396 
m hamster, 12S 

m opossum, 256-257, 261 (fig 1, p 
257) 

m Xenopus lacvis, 343 
Embryonic growth of cal, 213 (table 
1. p 214) 

Embryos of chickens, securing, 209 
Encephalitis, m dogs, 191-193 
m hamster, 147 
Enchylareut albidut, 3S2 
Enchylmcu*, 340, 312 
Endocrmolot^, o( chickens, 2G9-270 
of fishes, 340 
of nionke)8, 2 

Eodoparasites of hamsters, 145 
of rats, 71-72 
of snakes, 30S-309 
EngUsh guinea pigs, OS 
Entamoeba miaden$ m snakes, 310 
Ententis, in cats, 205 
in opossums, 2C0 
in rabbits, mucoid, 175 
in snakes, 310 
in turtles, 323 

Environment, clTect of on breeding, 
in hamster, 133 
in rabbit, 167 

on lactation m rabbit, 167 
Enzymes in vertebrates, 376 
Ephippia m Daphnia, 380 
Epidemics, m hamster colony, 146 
in mouse colony, 81 
Epiplalys chapen, reproduction 383- 
394 (fig 15, p 393) 

Equipment, for monkeys, 37 
for rat colony. 45 


Estrogen, effect on Mil skin, 27 
(o mdtiee c'tniM in cals, 209, 215 
Eslru-, in lats 207-209. 211-215 (figs 
1 and 2. p 210, fip 3 and 1, p 
211 ) 

effect on oviduct 220 
following i>-eiidopr< gnancy, 219 
and ulcru'4 221 (fig 7, p 221) 
and V agina 226 
in firrcts, 214-216 
lo guinea pigs, 100 
in liainstcrs, 12S-i29 
in mice, 89 
m opos.-ums, 263-261 
in rabbits ICO 

I in nls. 50. 01 (fig 21, j) 60) 

1 Llhcr applicator for Z)rt>»opAi/a, 464 
(fig 0 p IGI) 
tee aUo Anesthetic 
ExerciM, for cats 203-201 
for dogs, 1S5 lSS-189 
for ferret* cages for, 23S-239 
for lizards, 314 
for tnoDki>R, 0 31 
for opovums 263 266 
for rabbits 150 

for nits, 49. 51 (figs 8 9. 10. p 50) 
Eyes, of cals, opening time. 216 
of chickens, pathology, 295 
of rabbits sore 172 
tnH'pImlaUon, IC8 
of snakes, cloudy, 307-303 
of turtles, os health indicators, 323 
Lyevrorm of chickens, 4S3 

Falls, effect on hamsters, 13S 
Families, fishes, 315 
Fanwort m aquaria, 363 
Fatigue, and cure of animals, 125 
Fear, manifestation in man, 127 
Feathers, dilTcrencc m chicken breeds, 
2S3 

Feces of dogs, examination, 191, 191 
Feeding, see Nutrition 
Feeding chart of infant monkey (fig 
15, pp 32-33) 

Feeding equipment for rat, 52 (figs 
12, 13. p 52) 

Feeding habits of fenet, 235 
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recdins pans, tor dog colony, 190 
for monkey, 37-39 
Feeding rats for sliipmont, 74-75 
Feeding track for monkey colony (fig 
9, p 17) 

Feeding worm culture, 3S1 
Feet, disease of, m dogs, 193 
in ferrets, 249 

Fences for dog kennels, 186 
Fermentation of culture medium for 
Drosophila, 150 
Ferret, 231-255 
breeding slock 2 18-249 
cages, 236-244 (fig 2, p 239, to fig 
6, p 243) 

care and housing, 235-244 (fig 1» P 
238) 

copulation, 246-248 
diseases, 236, 249-251 
estrus, 215-246 
gentling, 235, 253 
handling, 235-236 253 
nutrition, 251-253 
ovulation, 240-24S 
practical suggestions, 253-254 
quarantine, 253 
reproduction, 235, 244-249 
sanitation, 249-251 
tammg, 235, 253 
uses, 234 

Fertility, of chickens, 278 
of hamsters, 135 (table 5B, p 136) 
of rabbits, 162 
of rata, 58 

of turtles, longcMty of, 324-325 
see also Reproduction 
Fertilization, of axolotl eggs, 338 
in cats, 213 
of ferret egg, 247 
of fish eggs, 385-419 
m rabbits, 162 
Fetal gro%vlh of cat, 213 (table 1, P 
214) 

Fetuses, opossum, 257 
Figbtmg instincts of hamsters, 137 
FighiingBshcs, 316, 353, 3S0, 398^00 
(fig 10, p 399) 
re\ic\\ of research on, 399—100 


Fislics, 345-419 

aquuin, 318-355 (fig 1, P 349) 
balanced, 365-366 
ui assay animals, 316 
breathing process, 360 
breeding, 316-318 
diseases, 346, 423-424 
diumal, 355 

as experimental material, 346 
feeding, 375-385 
food, live, 378-385 
see also Nutrition 
genetics, 316-317 
housing, 348-351 
inbreeding, 346-347 
laboratory, not bred in aquana, 419 
neoplastic diseases, 424 
nutrition, 375-385 
pathology, 347 
plants for aquaria, 366-375 
reproduction 355, 355-419 
review of research on, 419-423 
sand m aquana, 358-360 
source of supply, 346-347, 425-420 
temperature, 355-357 
toxicity, 363-365 
use of siphon, 357-353 
water supply, 360-365 
Fitch, see Ferret 
Flagellates m fishes, 424 
Fleas, 481, 4S4 
on dogs, 195 
on rats, 70 
Flies, 483-484, 486 
m mouse colony, 95 
m rat colony, 73 
Fluid loss in monkey, 35 
Flukes, m snakes, 309 
in turtles, 323 

Folhclo-stimulatmg hormone, ferret, 

247 , 

rollmlea m cat, 212, 217, 221 (f.|P 1 
and 2, p 210, figa 3 and 1, P 
211, fig 5, p 218) 

FollicuUn injections, effect on uterus 
of kittens, 225 
Foot diseuie, m dogs, 193 
m ferrets, 219 
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KonimU /iroio;./ <-ulU,r. tj.itJium. 

ftrnt riit’ run iiO 

fiKli foml JTOa73 
gumr-i 1 1 : ‘tut H'-’i 
Uaii Kiuuvtr W 

himftrr ilul Ul-lt2 

frutfart f| n> 

}afL*-j>ur <3 

mange iiuft Inatiixnl. ISO-lSl 
milk fur inf ml munki). 31 
mou-o «lu*Uiig piuiler. '3i 
opuv'Uin 2U 
l>>rinoiio <iuul‘iuti. TJ 
rililiit (<hk 1, 17& 
roach cumiutrilt. 1^ 1S7 
K-a wnicr, 321 

ru»tcr rnolli(rr, for rahhii^. IQl 
for nU, CJ-C5 
Fouttiol 0i»O"-mn, JM, 2^v2o2 (fj 
3. i> 23S) 

Vowl, «lomcsliL, SOS 
tee aluo ChukcfiJ 

Frte-martm in tal. JIQ 
r^OR^ 331-333 
Fmil flu*, 133-177 
control. ISO 
as foo<l for luirtl«, 310 
$cc aha Oroioplii/a 
FwiJofu*. 317, 353, -120-123 
Fungous groHtliii m (iogs. 131 
1 ungus, on 403, 423 

on fish (Rgi, 3SS 
Furluss rahhit, 151 

Gall hlaJJcr iIiwaH! in turtles, 323 
GalUna rnrtfoneffo as food for hzanis, 
310 

Galliu gaflusi, 203 
ua aUo Chickens 
Gambutia, 356 

reproduction, 3S0, 103-101, 4IS-U9 
TCMcw ol rc^arch on, 413-119 
Garter snake, 311 
Gas embolism in fishes, 303 
Gas exchange in aquana, 352 
Gastrocntcntis infections in cats, 203 
CaMals, 323 


j Citiilio, wf Iftirdity 
I Gcniial irarl of frn.\l<- I im'trf, 130 
Ctnlun »i«H ai Irralni'fit f"f 
iO 1 .«il|k«>*. 

C>fi.lhng. of flint*. 235, 

«>f l.aiii'tir*, 130. I-? 

(itograi hieai Imatioti. rtficl on trcc‘I* 
ms of tii’i it. iG7 
3IS 

GoUtiin, m cal, 213 
iU dog*. l'/> 
m ftrrds. 235 2 to 
m f.d.r*. 310 
in cuiiu t pu.*. I*'*. IGO 
m hamsKm. 120 

III tiiir* SO 
m o(.o-*i,iii*, 25d 
in rabbits. lU) 
in rats. Cl. 05 
in «uali *. 3J2 
Gila mim*ur, 313. 3IS 
GilU in fi>ht-«. liH* of, SCO 
Girdlol hx.'ifd. 3)!i 
Giant *ittk<-t, 313 
<>lur<u« mjiction m nionkr>. 33 
Gi>cog<o m nti nis ut cat, 221 (fiS H. 

P ?35) 

Gnats, 4^ 

Goilir III rabbit, and diet, 170 
GoUlfuh, 315 317, 353-353 
(owl. 3ii 

n prclurtion, 3^5-300 
niiiw of riMarrh on, 3j>l>-390 
Gonadotrophin, ihunouic. ifTcet on 
hamster, 129 

I Gonadotrojihiii u-ing fi-di, 420 

Gopher turtle, 321-322, 321 
Gophenu, 321-322, 321 
Grains. rprouUd, m diit, of gumei 
piss, lOl-ltB (fig 2, p 105) 
of moDkc>s, 15 

Grass cutting in dog colonv, ISO 
Gra>-ina>kc<l uiiosMiin, 250, 25^250 
(fiR 3, p 25S) 

Gray nil, see Norway rats 
Green frog, 332 

Green iiicthod for imiuunization of 
dog«, 192 
Green moake>8, 2 
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Grooming of dogs, 200-201 
Growth, of c-it, cmbryoa, 213 
fetal, 213 
young, 217 

of chicken, postnatal, 269 
of hamster, 137, 142 (table 6, P 143) 
of monke>, 9, 23 
adolescent, 11 
of rabbit, 151, 163, 167 
of rat, 67 

Guinea pigs 97-117 
birth weight, 101 
cages, lOS-111 
characteristics, 114-115 
deruation, 97 
disca'iea, 111-113 
enemies, 116 
gestation, 100 

lactation, 102 | 

length, 101 

method of feeding, 104 
nutrition, 102-104, 116 
reproduction, 9S-101 
sexual maturity, 100 
shipping, 113-114 
size, 101 

sprouted oats, 104-103 
^anctl08, 98 
weight, 101 
Guppies, 316, 352-353 
breeding, 355 

reproduction, 3S6, 400-404, 411-416 
Gyrodactyhw in fishes, 421 

Hair, of dog^, care of, 200-201 
of ferrets, 245 
of guinea pig-«, 98 
of hamsters, 145 
of monkejs, 29 
rcrao\al, 40 
m tuberculosis, 31 

Hamster, 118-152 (figs 1 and 2, p 
120 ) 

bedding, 143-145 
beha\ior, 137-139 
breeding, 12S-136 
colonj construction, 145 
comnicrcnl \ due, US 
dcriNation, 119 


Hamster, diseases, 146-148 
fertility (table 5B, p 136) 
growth, 112-143 (table 6, p 143) 
handling, 125-127 
history, 120-121, 147 
housing, 121-125 
labor itory uses, 147-148 
lactation, 133 

hfe span (table 5A, p 136) 
nutrition, 139-113 
sanitation, 143-146 
sex hormones, 129 
sexual maturity, 129 
temperature, 124-125 
Handling, of Drosophila, 46»-469 (flg 
8, p 463) 
of ferrets, 235 
of hamsters, 125-127 
of monkeys, 30 
of rats 59, 64 
Haplochromis, 3S6, 401 
Hardpad disease m dogs, 193 
’icartworm m dogs, 483 
Heat, control of, m rat colony, 44 
effect on turtle, 320 
sexual, in bitch, 199 
m cat, 207-209. 219-220 
in ferret, 244-245 
see also Estrus and Temperature 
Helminths, m lizards, 317 
m rats, 482 (table 1, p 482) 
m snakes, 309 
m tuitles, 323 
Hclodcrma, 313, 315 
Hematomas m dogs, 194 
Hemophilus galltnarum, 296 
Hemorrhage, m chickens, 294 

la dogs, 194 00 4 oas 

Heredity, m Amblvstoma, 334-335 
,a cats. 216. 227 (table 2, p 22,) 
m clncbens, 2S3, 2S5 
m Drosophila, 151-452, 160-169, 175 
(Uble 1. P 453) 

Z rXlt’slotsSMSO, 397. 109-111 
in guinea pig3, 9< 

,u h.mslcrs, 133 (table 2, p. 13-) 
m mice, 79, 92-91 
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Heredity, in monVe>8 2S-29 
in rabbiU", 153-151, 1C5-1C7 
Ilctcrakis oullinac, 297 
lIcteTandna, 3SG, 401 
Hibernation in hainsUra, 133, 137 
in reptiles, 300 
m salamanders 331 
Ilielwstoma in Dronophtla stocks, 172- 
473 

Ilistolofo of opo «um, 261 
see also Cytolog} 

Hisloploiino'is in hamster. 14S 
Hoarding of food bj ham^-lcr, 137 
Ilookvsonn m dogs, 191 
Hormidium, 371 

Hormones effect of, on cats, 209-212, 
224-226 

on clnekcos, 269-270 
estrogenic, m opossum, 201 
m ferret reproduction, 217 
and hani«Ur, female, 129 
injection, m A'enopua laevu, 312 
and opossum ovulation, 259 
and rabbit ovulation, ICO 
Uomwart in aquaria, 303 
Housedog disease, 102-103 
Housing, of Ambivtloma, 331-335 
of crocodiles, 326 
of ffslic«, 34S-355 <fig I, p 319) 
see also Aquana 

of hamsters, effect on cannibalism. 
133 

of mice, SO, St 
of monkejs, 2-1 
of salamanders, 342 
of turtles, 321-322 
see also Cages 

Human beings peat, control, 49J 
Humidity, and hamsters, 124, 131 
and hatching, of cliickcn eggs, 279 
of snake eggs, 312 
mouse colony, 81-82 
and opossums, 2G6 
in rat colony, 69 
Hunting with ferrets, 234 
Hybrid chickens, 284-285 
Hybrid ferrets, 234 
Hybrid mice, 94 
Hydrogen ion, see pH 


Ilydrophiidac, 301 
Jllfla cruafer, 333 
lij/nunohpn rtana in hamster, 145 
Hyperplasia, of mammary gland in 
opossum, 260 

of thyroid, and diet, in rabbit, 179 
llypophysictoiuy. tfftcl on lactation, 
215 

Ilypopliyw, tfftcl on sexual cycles in 
ferrets, 245 

m reproduction of cat, 226 
stimulus, effect on ovulation in fer- 
ret, 217 

tee also Pituitary 

i Ichtliyology*, 3SG 
lehthuophlhirut on fishes, 423 
Ictcrohcmorrliage m dogs, 191 
Identification, for dogs, lOC-197 
for luards, 314 
for mice 00*91 
for monkeys, 40 
for 0 )> 08 .'ums, 267 

for rabbiu, 163*161 (fig 7. p 163) 
for rats. 51, 50 

for snakes, 301 (fig 3, p 301) 
for turtles, 320-321 
Immunity, in cats, 205 
IQ chickens, 295 
m liainstcr>. 146-147 
Immunization in dogs, 191-103 
Immunology, rabbit, 153 
Implantation, of eggs m mice, S9 
of embryos m cat, 222-223 
Importation, of monkeys, 31, 35-36 
I ol rats, 76-77 

I Inbreeding, in axolotls, 331-335, 337 
m eVnekens, 254 
in fishes, 346, 356 
in mice, 79-SO, 92-91 
in monkeys, 2S-29 
m rabbits, 151. 165-106 
m rats, 58, 73 

Incubation, of chicken eggs, 278-279 
(fig 8. p 279, fig 9. p 280) 
of snake eggs, 312 
of turtle eggs, 323-321 
Incidiators m Drosophila work, 452— 
454 
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jifant monl^.ey, 21 
feeding, 31, 40 

[nfantile paralysis in. hamster, 118 
Infections, in cats, 205 
in chickens, 294-297 
in Drosophila, and bacteria, 471 
m ferrets 236, 249-251 253 
m guinea pigs, 111, 113 
m hamsters, 131, 142-143, 145-147 
m mice, 80-81 
m monkeys 4, 40 
in opo'5sums 266 
in rabbits, 168 
m rat**, 43, 53, 70 
resistance to, 64 
m salamanders 337-338 
m snakes, 303 
Inflammation, of dog’s throat, 192-193 
m rabbit, 171-172 
m snakes, 303 
Influenza, m ferret, 251 
m Inmstcr, 148 
Inheritance, m fishes, 356-357 
in rabbits, 153-154 
«co also Heredity 

Injections, into hamsters, 127, 129 
into monkc>s, 35 
lufccgticidcs, 178, 4S0-1S2, 184 
for chickens 297 
effect on fishes, 361 
for mice, 93 
for oijossuins, 207 
aupi>hc'«, IS6 
toxicity, 1S1-1S5 
In'-cmmation, artiflcnl, in fi'^hcs, 421 
m nbbila, 102-IG3 

Iriilmct, maternal, in Inm-tcrs 130, 
137 

m rabbits, 1G7 
Inlc'tmil Lottidio'is m ribbits, 174 
Intestinal parasites, in ham*ttr», Hj. 
H7 

111 oi>o.v.ums, 200 
Inlrtiiiul tract dwa-ti of guinea pig 

m 

la^oluijon, lat, 226-220 

“Inus’’ xa clavkcn.% 293 


Isolation, of dogs, 191 
of sick rabbits, 168 
Itching m dogs, 194 


Japanese newt 333 

Jaundice in dogs, 194 

Jersey Black Giant chickens, 269 

Keds, 479 _ , 

Kennels, for dogs, 182-190 (fig 1. P 
183, to fig 13, p 200) 

for opossums, 262 
Kidney disca'-c of chickens, 297 
Kilhfish. 347, 393-394 
m research, 420-423 
Kitchen equipment, for monkey co - 

ony, 15 (fig 8, P 16, fig 9. P 
17) 

for rat colony, 45 

Labor m rat, Cl-62 (fig 31, P 0“> 
Lactation, m cats, 211 

clicct, on corpora lutea, 2ZU 
on postpartum inrolution, 22o- 

225 (Cg 12. P 220) 
ol sympJthcctom> on, 223 
in guinea pigs, 102 
m hamsters, lailurc of. 133 
in mice, and diet, S3 

in monkeys, 22 
in rabbits, 107-103, 172-173 
in rots, and diet, 00 
Latdian-Duncan laccmation m dogs, 

IDl 

Langsham chickens 200 
1 aparotomy in cuts, 212 
Lirkspur solution for bee on rats, 73 
Laijngolracheilia in chickens, -JU 
Leaf hoppers, 435 

Leaks m aquan i, 350 „,.,a 

Ubutc, tcliroductiou, t03, ft 1-410 
(Dg 30, p 415) 
tcMCW of rcsarch on, 111-110 
Iccchis on turtlf, 323 
la-ghom chickens, 232-251 
UglcbS blanks, 315 
I ccshmania>u m liam-stcr, 115 _ 

Irmna ,mi,„r m a.iuaru, 373 tr g •. 
p 372) 
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Length, of ferrets, 234 ^ 

of guinea pigs, 101 

of monkcjs, 9 ^ 

Lens protectors, microscope, 463 
Leopard frog 332 
Leprosy m hamster, 147 
Leptospira, 148 
Lepto«piro«is in dogs 194 
Leptolypklops, 306 
Lemer Marine Laboratory, 419 
Lesions m mice, control of, S3 
Libido of hamster, and fat, 131 
Lice, 479-480 
in chickens, 297 
on dogs, 195 
on rats, 70-71, 73 
Life cycles, of DrosopMUi, 451, 452 
of fish, 345-346 

Life span, of opossums, 253, 264 
of rats, 43, 64 

Light, arrangement for microscope, 464 
effect of, on algae, 374 
on axolotl spaiMiuig, 339 
on cat cstms, 203 
on chicken egg liymg, 277 
on crocodiles, 326 
on dog, hair «hodding, 201 
on fishes, 351-335, 400 
on hamsters, 122, l2o 
on lizards, 314 

on opossum breedmg, 263 I 

on rat cstms, 61 I 

on reptiles, 300 
on snakes, 305 
on Ttlapia, 400 
on turtles, 321, 323 
Ltmnodrilui, 334 
Linguatulids in snakes, 309 
Linkage studies on Drosophila, 451 
Ltpomyssus biicoli in mice, 95 
Lips, inltclcd, m rabbits, 172 
Litter number, of rabbits, 161 
of rats, C5 

Litter sue, of cats, 214-215 
of guinea pigs, 93 , 106-101 
of hamsters, 153, 135 (table 2, p 132, 
table 4, p 135) 
of oiKtesums, 256, 259 


Litter size, of rabbits, 166 
of rats, 5S 

Lne-bcanng fishes, 352, 3S6 
reproduction, 403-419 
review of research on, 405 
Liver cereal wet food for fishes, 376 
Liver coccidiosis m rabbit, 174 
Liver pathology, and diet, of rabbits, 
178 

Lizards, 313-310 
exercise, 314 

food and feeding, 315-316 

handling and transportation, 313-314 

healtii and disease, 316-318 

housmg, 314 

idcnlification, 314 

moitmg, 316-317 

reproduction, 318-319 

respiratory diseases, 318 

ecx diflcrcntiatiOD, 319 

water supply, 314 

Locomotion, of rats, newborn, 03-61 
of snakes, 301 

Longevity, of hamster, 134-135 (tabic 
5A. p 136) 
of rat, 64 

Long-term expenments, with monkeys, 
17 

rat cages for, 45 (fig 3, p 46) 
Lordosis m rats, 59 (fig 21A, p GO) 
Loncala. 299, 325 

Luteinization, effect on pregnancy of 
cat, 216 

Lutcmizmg hormone in ferret, 247 
Lymphocystis in fishes, 421 
Lymphocytic choriomeningitis m ham- 
ster, 147 

Lymphogranuloma venereum m ham- 
ster, 148 

Lymphomatosis m chickens, 2S6, 295 

Macaca rniilatta, 1-2 
Macropodus, 353, 3S6 
Maggots as food for lizards, 316 
MalacUmmys, 321 
Malana m birds, 4S3 
' Malana mosquito, control, 4S1 
Malana parasites m lizard, 318 
ValUyphaga, 479-4S0 
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Mammae, of guinea pig, 102 
of opo&sum, 25S-261 
Mammary de\elopnient in rabbit, 153 
Mammary gland, diseases, in rabbits, 

172 

hyperplasia, in opossums, 266 
remov al, m gumea pig, effect on 
young, 100 
Mange, in dogs, 193 
m rabbits, 170 
mites, 479-480 

Manson’s eyeworm in chickens, 483 
Marking, of mice, 90-91 
of rabbits, 163-164 (fig 7, p 163) 
of rats, 54, 56 (fig 15, p 54) 
see a^so Identification 
Marmosa i&lhnitca, 256, 260 
Marmosets 2 
Mastitis in rabbit, 173 
Marsupiaha dtddphidae verae, 256 
Maternal instinct, in hamster, 130, 137 
in rabbit, 167 

Mating, of cats, 203-204, 207-227 

effect of pregnancy urine extract 
on, 224 

effect on uterus (fig 8, p 222, to 
fig 11, p 225) 
of chickens, 278 
of dogs, 199-200 
of ferrets, 244-249 
of liarastcrs, 129-131, 133-134 
of monkeys, 19-20 
of opo'^ums, 264 
of rabbits, 162 
of rats, 61 (fig 21, p 60) 

Maturity, m monkc^ s, 9 
sexual, m hamster, 129 
m rabbit, 161, 166-167 
Meal worms as food for lizards, 316 
Medakas, 316, 355 
reproduction, 3SG. 396-39S 
re\icw of rc&earch on, 393 
Medicine earner for monkey, 35 
Melanomas, m fish, 406-407 (fig 24 
P 107 , fig 25, p 40S) 
testing. Using fi«li, 120 
Membranes, mucous, disuses of 
rabbits, 171-172 
Menmgo|mcumonitis m ham'«tcr, ItS 


Menopause, in rabbit, 161 
m rat, 61 

Menstrual cycle, in hamster, 129 

m monkey, 2 on or 

Menstruation m monkeys, 19-20, 2b 

(fig 13, p 26) 

and conception, 20-21 
Mercury-vapor lamps for use with 
monkeys, 40 

Metabolism cages, for monkey, 6 
for rat, 49 (fig 7, p 49) 

Metabolism in labbit, 

Mclachtrops fuscognseus, 256, 25S-2oy 
(fig 3, p 25S) 

Metachirus nudicaudalus denlaneus 

iPhilmider), 256, 259 (fig 4, p 
259) 

Metals, effect on aquaria water, 363- 
365 

Methods of catching monkeys, 19 
Mice, 79-96 
bedding, 83 
breeding, 79, S9-94 
cue and housing, 80-87 
diseases and parasites, 80, 84, 95-90 
genetics, 79-80, 03-94 
heredity, 79-SO, 93-94 
inbreeding, SO 
marking and records, 90-94 
nutrition, S7-S9 
reproduction, 89-94 
types, 79 

wild, use m laboratory, 79 
Mtcroptcrua dolomicu, 361 
MicroMiope, ii"o ot, in Drosopinia 
work, 463-461 

Micruscopic slides of oposaum, -6 
Middle ear di=ca'-o in rat, OS 
Midges, biting. IS3, 485 
Migration of opo^aum >ouDg to pouch, 
261 

Milk, m diet, of chickens, 292 
of ferrets, 251-252 
of guinea pigs> 100 
of rata, (JO 

formula for infmt monko, 31 
of monke>', anibaus, 22 
Milk capacit} of ribbil, lOi-KB 
Milk pnxlui.lion ot pinna pnp, m- 
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Millfoil ID aquaria, 369 
Minerals m chicken diet, 2S9-290 
Miles, 479-4S0 

as cause of diseases m rabbit, 170 
m chickens, 297 
control of, 484 
in hamster colony, 144-145 
in Drosophila stock 472-473 
m lizards, 317-318 
in mice, 95 
m rats, 71-73 
in snakes, 309-310 
on turtles, 323 
Mold prevention in Drosophila culture 
medium, 462 

Molds in Drosophila stock, 471 
Mollienuia, reproduction, 403, 416-418 
(fig 31, p 416. figs 32 33, P 
417) 

review of research on, 416-418 
Mollies, 352-353, 355-356 
reproduction, 403-404, 416-418 (fig 
31, p 416, figs 32, 33 p 417) 
review of research on, 416-418 
Molting, in lizards, 316-317 
in rabbits, effect on breedmg, I67 
in snakes, 307-309, 312 
Monkeys, 1-42 
bleeding, 17 
cage paral>sis, 34 
cages, 4-14, 17-19 (fig 4, p 10) 
catching, 7-8, 15-16, 19, 39-40 (fig 
19, p 39) 

equipment and supplies, 37-40 

feeding, 14-15, 22-25 

hair, 29-30 

handling 30-31 

housing. 2-4 

importation 35-36 

mbreedmg, 28-29 

the infant, 21-25, 31 (fig 15 p 33) 
long-term investigations, S-17 
with breeding, 17-28 
mating, 19-20 
pregnancy, 26-21 
prices, 35 
pubertj , 26-28 
sanitation, 8, 16-17 
shipping, 36-37 


Monkeys, short-term investigations, 

4-a 

surgical treatment, 34-35 
tattoo machine, 40 
treatment, 34-35 

tuberculosis, 31-34 (fig 16, p 34) 
water supply, 39 (fig 18, p 38) 
Mortality, in guinea pigs, 93 
lo hamster young, 133-134 
in snakes, 301 
Mosquitoes, 483 
control, 484-4S5 
use of fish in, 418 
ID rat colony, 73 

MosquitoGsh, reproduction, 3S6, 404 
418-419 

review of research on, 418-419 
Moth control, 485 

Motherhood instinct m monkeys, 22 
Mothers, foster for rabbits, 161 
(or rats, 64-65 

Mouse colony plan, 84 (fig 2, p 85) 
Mouthbreeders, 346, 355-356 
reproduction, 356, 406-403 
Mouth rot in snakes, 310-311 
Mucoid enteritis m rabbit 175 
Mucous membranes, diseases of, m 
rabbit, 171-172 
Mud puppies, 331 

Murme opossum, 256, 260 (fig 5, P 
260) 

Mtiscular dystrophy and diet, m rab- 
bit, 179 

Vuslela putonous, 234-255 
tee also Ferret 

Mutations m cat (table 2, p 227) 
in mice, 92, 94 
Ifycobactenum in fishes, 423 
Mynophyllum, in aquana, 369 (fig 5> 
p 370) 

Bpawnmg ring for fishes, 3S6 (fig 12 
P 387) 

^yxotpondia m fishes, 424 
Hatnx, 311 

Navel ill in thicks, 2S6 
Neck, wry, in rabbits, 175 
Nematodes, in chickens, 297 
in hamsters, 145 
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Nematodes, in lizards, 317 
m rats, 71, 482-483 (table 1, p. 482) 
m snakes, 309 
m turtles, 323 
Neoplasms, m dogs, 194 
m fishes, 346-347, 424 
Neosaharsan for control of Bartonella 
infection in rats, 72 
Nephritis, m opossum, 266 
in rabbit, and diet, 178 
Nenes, pathology, m chickens, 295- 
296 

6>mpathetic, m cat, 223 | 

Ner%ous system of fish, 347 
Nests, of hamsters, 137, 139 
of mice, 83-84 
of opossums, 259 

of rabbits. 159, 161, 167 (fig 6. P 
159) 

of rats, 63 (fig 21. p 60) 

Newcastle disease, 290 
Night lizards, 318 

♦Yiicfffl, m aquaria, 300-361, 369-371, 
375 

of danio, 395 
of medaka, 396 
m snail-brccding tanks, 385 
as spawning material for viviparous 
fish, 4(41 

Noclumal habits, of hamsters, 13S 
of rabbits, ISO 

Noise, effect of, on guinea pigs, 116 
on hamsters, 126, 131, 139 
Norway breedmg, 65-06 
domestication, 61 


Nutrition, of fishes, 348, 353, 366, 375- 
385, 388, 392, 395-397, 404-405 
during spawning, 404 
of guinea pigs, 100-104, 116 
of hamsters, 123, 138-143 
of lizards, 314-316 
of mice, SO, 84-85, 87-89 
of monkeys, 7, 14-15, 26, 31, 34 ( ig 
15, pp 32-33) 
during sliipment, 37 
infant, 31 

newborn, 22-24 (fig H. P 23) 
of opossums, 264-266 
of rabbits, 158-160, 167, 175-180 
of rats, 66-67 
of reptiles, 299-300 
of snakes, 306-307, 312 
of turtles, 322-323 
of Xenopus laevxs, 343 . 

Nutritional research, with hamster, 1 
with monkey, cages, 6, 7 

Oats, sprouted, m diet of guinea pigs, 
104-108 (fig 2, p 105) 

Odors, m dog colony, 196 
in mouse colony, 90 
sec aUo Sanitation 
Old World monitors, 315-317 
Ofiffoc/iacta, 3S4-385 
Omphalitis, 2S0 
Ophtsaunis, 313 
Opossums, 256-207 
cogc:», 258-262 (fig 8, p 202) 
collecting, 259-201 
colony building, 201 (Cg 7, P 26.) 


n-'iislince to infection, 61 
No‘c infection in rabbits, 172 
Numbering of mice, 90-92 
Jcc also Identification 
Nurssing, m newborn monkejs, 23-23 
m ) oung mice, S9 

Nutnlion, of axolotls, 335-330, 310-312 
of cits, ^»-207 

of chickens, 260, 2S1, 287-293 (tabic 
I, p. 292) 

of CTo^OiUU-^, 320-327 
uf lio^a, IS2, 191. 197-193 
«f fenvti., 230, 215», 251-253 


br>olog>’, 261 
ntification, 207 
rition, 201-200 
IS, 261-263 

(cticil suggestions, 200-207 
iToduction, 250, 259, 263-«6 
utalioD, 260 
»ck selection, 260 
les 257—261 

tas, reproduction, 3S0. 396-393 
, icw of rtscarrh on, 393 
nectomy m cal, on i rrg- 

naiic), 219 
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0\ary of cat, 217 
Oviduct of cat, 220 
Ovulation m cat®, 20S-213 {fig P 
210, to fig 4, p 211) 
induced, 224 
m chickens, 26S-269 
m dogs, 199 
in ferrets, 245-248 
m fishes, effect of light on, 355 
VQ. ha.nvs,teT6, 12&-129 
in monkeys, 19-20 
m opossums, 239 
m rabbits, 153, 160, 162 
mduced, 226 
in rats, 61 

Oxygen, importance to fish, 352-353 
lack of, effect on Drosophifa, 452 
nascent, effect on fishes, 363 
Ox} gen exchange, aquaria, 357. 360 
plants and animals, 303 

Pamt on mouse cages, 82 
Fainted turtles, 322. 324 
Palsy in monkeys, 9 
Fanlcukopcnia m cats, 205 
Paradise fish, 353 
reproduction, 3S6, 39S-400 
Paral>sis, in chickens, 295 
of dog throat, 193 
m fishes, from diet, 378 
m hamster, 148 
m moDkc>s, cage, 9, 34 
in rabbit, 175, 178 
Parasites, blood, 72 
in chickens, 2S6, 297 
control, 478-487 
in dogs, 185-IS6, 194-195 
external, I91, 195 
internal, 191, 194-195 
external, that lay eggs, 479 
in fish, control of, 424 
resutance to, 337 
in hamsters, mlestmal, 145, 147 
internal, 4S2-1S3 
in lirards, 317-318 
in mice, 95-96 
m rabbits, protozoan, coccidiosis, 174 
in rats, 70-73 
m snakes, 30S-309 


Parasites, soil egg layers, 481-483 
in turtles, 323 

Paratyphoid, in mice, 84, 93 
tn rats, 6S-C9 
Parturition, m cats, 213 
in monkeys, 21 
in opossums, 256-257, 264 
in rabbits, 101, 163 (table 2, p 160 
in rats, 61-62 (fig 21, p 60) 
Pasleurella in chickens, 296 
PdthoJogy, m monkeys, 31 
in rabbits, 168-175 
in rats, 67-69 
Pens for dogs, 182-190 
see also Cages 

Perosis m chickens, 289-290 (fig 13, p 
290) 

Personality change m dog, as symptom 
of rabies, 193 

Personnel, for cat colony, 204 
for dog colony , 1S2-IS3 
for hamster colony, 120, 134, 143, 140 
for rabbit colony, ISO 
for rat colony , 74 
Peruvian guinea pigs, 98 
Pests, arthropod, 483 
control, 478-187 
Drosophila, 470-474 
in hamster colony, 144 
in mouse colony, 93-96 
prevention, 483-484 
m rat colony, 72-73 
in rat food, 67 

pll, changes m, effect on fishes, 363 
of water, in aquaria, 3S5 
Pharyngolaryngotracheitis in dogs, 
192-193 

Ph-vletTvsi va atiMarva, 265 
Phrunosoma, 318 

Phynology studies, use of amphibia in, 
331 

Pickerel frog, 332 
Pigmentation of fi®h, 347, 353 
Pigs, pest control, 4S0 
Pipcronyl butoxide, 4S0-1S6 
Putin slratiotes in aquana, 373 
Pit-vipers, 301-303, 306, 311 
Pituitary gland extracts, effect on cat 
reproduction, 224-223 
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Pituitary hormones, administration in 
cats, 212 

Pituitary-like injection in Xcnopus 
facets, 342 

Pituitary stimulation, effect on frog 
breeding, 332-333 
and spawning of axolotls, 338 
see also Hypophysis 
Placenta of rat, 62 (fig 21, p 60) 
Placentation, in cat, 222-223 
in ferret, 247 
m lizard, 318 
Plague in cats, 205 
Planorbis m aquaria, 385 
Plants in aquaria, 365-373 (fig 3, p 
367, to fig 8, p 373) 

Plasmodium, 318 

Platyfishes, 34&-34S, 352 354, 356-357 
effect of pathogens on, 424 
reproduction, 3S6, 403-414 
leview of reseaich on, 405 
8Q\ determination, 400—114 (fig 26, 
p 410, to fig 29, p 413) 
viviparity, 348 

Plalypoccilus, reproduction, 403-404 
Playfulness of hamsters, 137 
Pleurococcus, 374 
PleuToddes naltl, 333 
Plumage m chickens, 270 
Pneumococcits in rabbit, and diet, 170 
Pneumonia, in dogs, 192-193 
m guinea pigs resistance to, 103 
m hamsters, 145-146 
m lizards 318 
m rabbits, 173-174 
ui rats, 68 
m snakes, 310 

Pneumonitis m cats, 205-206 
Pocciluds, reproduction, 405-414 
Poi-on ivy control around dog kennels, 
ISO 

Polecat, sec Ferret 
Poliomyelitis m hamster, 14S 
Pond snail m aquarn, 3S5 
1 osiiioti of sleeping monkey, 21 
Postnital development, of cat, 216-217 
of ferret, 237, 248 
Postnartiim 


lostpartum involution, 225-226 (fig 

12, p 226) 


Pouch of opossum, 256-257 (fig 1. P 
257) 

Pregnancy, in cat, 213, 216 

effect, of pituitary gland on, 226 
on uterus. 222-223 (fig 8, p 222, 
to fig 11. P 225) 
following parturition, 215 
in dog, 199 
in ferret, 235, 253 
m guinea pig, 98 
m hamster, 129 
in mouse, 89-90 
m monkey, 20-21 
diagnosis 21 
tests, 21 

m rabbit, diagnosis of, 163 
diet for, 176-177 
duration, 160 
m rat, duration, 61 
signs of, 65 

Pregnancy serum, effect on cat, 

225 

Piecnancy test, using frog, 331 
using Xenopus lacvis, 342-343 
Picgnanoy urme e\traot, effect on cat, 
224-225 

Progesterone, test for presence in cat, 

220 

Protein, m chicken diet, 2S8-2S9 
in monkey diet, 14-15 
Protozoa, as fi^h foo'i* ^88 
in snakes, 310 

Pseudopregnancy, m cat, 216, 
artificial, 224-225 
in feiret, 245 
m rabbit, 160 
Psittacoais, 268 
Psoroptes, 479 
pjO^chc, monkey, 1 
Puberty, m cat, 207 
in monkey, 26-27 
and loas of hair, 30 

in rabbit, 161 
m rat, 61 
Pulcx on rat, 70 
Pullonim ili-oase, 293-.91 
Pundi, for ulcat.f.r.t.on of mice, <>» 
tattoo, tor idcntiriciliou of rats, 51 
(fig 15, p 51) 
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Pulonui cveTHinanm, 235 
focLidus, 233 
vulgam, 231-255 
mgnpes, 235 
sarmaticuj, 235 

Putrefaction m aquaria, 359 

Pjrenone, for cockroaches, "3 
emul'ion, for control of rat parasites, 
72-73 

Pyretlirins, 4SO-1S2 

P>rethrum, 73, 4S1, 4SG 

Quarantine, of cats, 203 
of chickens, 287 
of dogs, 191 
of ferrets, 249. 253 
of mice, 81, 95 

of opos'uma, 263 (fig 9, p 263) 
of rabbits, 163 
of raU, 73 
of snakes, 309 

Habbits, 153-181 
artificial insemination, 162-163 
birth neight, 161 
blood, 153-154 
breeding practice, 161-165 
breeds (table 1, p 155) 
cages, 154-15S, 16S 
care and housing, 154-100 
colony records, 164-165 
copulation, 162 

developing breeding stock, 165-166 
disease prevention, 16S-170 
diseases, 169-175 
estrus, 160 

feeding, 156, 158-160, 179-180 

fertility, 162 

fertilization, 162 

foster mothers, 161 

genetics, 153-154, 165-168 

gestation, 160 

growth, 154 

housmg, 154-158 

laboratory uses, 153 

lactation, 167-16S 

litter size, 166-167 

markmg, 163-164 (fig 7, p 163) 

menopause, 161 


Ilnbbits, milk capacity, IC7-1CS 
Dost building, 161 
QutntiOD, 153-lCO, 175-180 
ovulation, ICO 

parturition, 101 (table 2, p. 161) 
pithoIog>’, 168-175 
puberty, 161 

tcprcKlucfion, 153, I59-1CI 
baoitatioo, 150, 15S, IOS-171 
kcx JiiTtrcnccs, 161 
summary of brcnliDg, 163-161 
water supply, 153, ISO (fig 5, p 159) 
weaning, 161 
Itabicn, in dogs, 193 
iQ hamsters, IIS 
Ramshom snail in oquana, 385 
Itaua ealeibuina, 332 
cfamifans, 332 
pofuWm, 332 
jnpicnt, 332 
sylvoUca, 332 
rUU. 43-78 

age determination, C3-CI 
bedding. 52-53 

birth weight, 02 (table 1, p 62) 
breeding methods, 65-66 
cages, 45-51 (fig 3, p 46, to fig I0> 
p 50) 

washing, 53 

colony building, 41—15 (fig 1, P> 44, 
fig 2, p 45) 
care. 53 

danger, to chickens, 287 
to reptiles, 300 
diet, 66-67 
diseases, 67-69 
domestication, 61 
dnniing devices, 51-32 
ectoparasites, 70-71 
cndoparasites, 71 
estrus cycle, 59 (fig 21, p 60) 
exercise cages, 49-51 
feeding devices, 52 (figs 12, 13, p 
52) 

foster mothers, 64-65 
general considerations, 57-58 
gestation. Cl 
handling, 59 
importing, 76-77 
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Rnts. labor, 61-62 (fig 21, p 60) 
leptospirosis m dogs, spread by, 191 
life span, 64 

marking, 51 (fig 15, p 51) 
mating, 61 (fig 21, p 60) 
menopause, 61 

metabolism cages, 49 (fig 7, p 49) 
middle ear disease, 6S 
nutrition, 66-67 
ovulation, 61 
parasites, 70-73 

control and treatment, 72-73 
paratyphoid, 6S-09 
parturition, 61-62 (fig 21, p 60) 
pneumonia, 63 
poisons, 145, 484 
practical suggestions, 73-74 
puberty, 61 

records, 53-57 (fig 16, p 55, to fig 
20, p 57) 

reproduction, 59-64, 66-67 
rmgtail, 69 
sanitation, 53, 72-74 
election of breeders 5S 
sex differentiation, 63 (fig 22 and 
table 2, p 63) 
shipping, 74-76 
teeth, faulty, 69 
Rattlesnakes, 302 

Records, on mice, 90-93 (fig 5, p 92, 
fig 6, p 93) 
on rabbits, 164-165 
on rats, 53-57, 65 (fig 16, p 55, to 
fig 20, p 57) 

Rectal palpation in monkey, to estab 
hsh ovulation, 20 
Reflexes of monkey, 24-25 
Refngeratmg frogs to delay spawning, 
333 

Regurgitation m axolotl, 336 
Reproduction, in axolotls, 338-339 
cats, 203-204, 207-227 
m chickens, 277-285 
dogs, 19^200 
m ferrets, 235, 244-249 
ui fishes, 355, 385-119 
in frogs, 332 
la guinea pigs, 93, 100 
ui hamsters, 128-137, 141 


Reproduction, m lizards, 31S-319 
in inicc, SS-90 
m monkeys, 2, 19-20, 26-28 
m opossums, 256, 259, 261, 263-264 
m rabbits, 153, 150, 16^161 
m rats, 59, 61, 66-67 (fig 21, P 60) 
in snakes, 311-313 

Reptiles, 299-330 rp fi 

see also Snakes, Lizards, Turtles, 
Crocodlhans 

Resistance to disease, in chickens, 2S3 
m rabbits, 179 , , , 907 

Respiratory diseases, of chickens, 2S7, 
295-296 
of lizards, 318 
of rabbits, 173-174 
of snakes, 310 , i. * 

Respiratory infections, of hamsters, 
124, 144 
of rats, 6 S 
Rexolvmg drum for rat exerci'^e, 49 
Rhesus monkey. 1, 3 
acc aho Monkeys 

Rhtpaccphalus Koc\^, ^l 

rJu. m aquaria, 371, 375, 395-396, 
418 (fig 6 , p 371) 

Rickets, m monkeys, 40 
m opossums, 265 
Ringtail m rats, 44, 58, 69 
Ringworm in rabbits, 171 
Rio Jamapa fislies, 356 
Rodenticides, 145, 484 
Rodents, wild, control of, m hamster 
colony, 145 

see aho Eats and Mice 
Roughage m diet of guinea pigs, 102 
Roundworms, m dogs, 194 

R«^ tor dog kennels, 1S5-1S6, IS8-1S9 

Saeiltana in aquaria, 359, 367-363 
Salamanders, 332 

housing, 342 , , i ,i, 

see also Amphibia and Axolotls 
SaUne mjections m raonkeys^o 
Salmonella bacteria m mhi; 
Salmonella pullorum, 293-291 
Salt, in chicken diet, 289 
m ferret diet, 252 
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Salt for 6sh fungus 403 
m guinea pig diet, 104 
m rabbit diet, 178 
Salt water, formula for, 321 
Saltefinu* /oiilinalta, 355 
Salunia, 373 

Salninui iialam m aquaria, 373 (fig 8, 
p 373) 

Sand for aquaria, 359-3G0 
Sanitation, in aquaria, 357-360 
m axolotl aquaria, 335-336 
m cat colony, 204-20G 
in chicken colon>, 275, 2S5-2S7, 295 
for crocodiles, 326 
for dogs, 196 

for Drosophila stocks, 470-174 
in ferret colony, 249-251 
general, 483-484 
in hamster colony, 131, 142-146 
m opossum colony, 262-263, 266 
for rabbits, 150, 158, 163-174, 180 
m rat colony, 44, 53 
for snakes, 303 
SaproUgnia, 283 
m fishes, 423 

iSarcop/(( 2 $ra culudinus, 323 
Sarcoplea miles, 479 
SarcopUc mange, 479 
Sauromalua, 315 
Scab-mite on rats, 71 
Scabies in hamster, 148 
Scales for weighing monkey, 40 
Scavengers m aquaria, 3&> 

Sceloporua, 315, 318 
Scent glands of ferret, 236 
Schistosomiasis in hamster, 148 
hcincidae, reproduction, 318 
Scorpions, control, 481 
Scours” m rabbit, 175 
Scurvy in gumca pig, 102 
Sea water, artificial, formula, 321 
Seasonal demand for hamsters, 131 
Seasonal vanalions m mating of liam- 
fcter, 131, 133 (table 1, p 132, 
table 2, p 132) 

Seasons, effect on rabbit reproduction, 
161 


Selection for breeding, monkey, 28-29 
rabbit, 1G8-16S 

tee also Breeding and Reproduction 
Semen of rabbit, collection, 1C2-163 
shipping, 163 
storage, 163 
tte aho Spermatozoa 
Serology, rabbit, 153 
Scrum, cat**, for immunization, 20o 
rabbits, 153 

Sex abnormalities, in cats, 215-216 
Sex behavior, in fishes, 385-419 
tee alto Breeding and Reproduction 
, Sex characters, secondary, in chickens, 
269-270 

Sex determination, m chickens, 409 
m Drosophila, 466 

ID plalyfch, 409-414 {fig 26, p 410, 
to fig 29. p 413) 

Sex development in monkeys, 26 
Sox diilercnccs, in chickens, 270, 284- 
285 

m guinea pigs’ birth weight, 101 
in rabbits at birth, ICl 
m rats at birth, 63 (fig 22, p 63) 
Sex diffcrenliatioD, m axolotls, 339 
m fishes, 395 
goldfish. 387 
raedakas 396 
tiger killifish, 394 
Tilapia, 401 
m hamsters, 120 
in lizards, 319 
ID monkeys, 33 

m rats, 63 (fig 22 and table 2, p 
63) 

in (makes, 311 
m turtles, 324 

Sex hormones, effect on female ham- 
ster, 129 

Sex skin m monkey, 26-28 (fig 14, p 
27) 

Sexual cycles, of ferret, 245-246 
of rat, 59 

Sexual dme of rabbit, 162 
Sexual matunly, m chickens, 277 
m gumca pigs, 100 
in hamsters, 129 
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Sexual maturity, in rabbits, 161, 16&- 
167 

m nts, 61 

Shedding hair m dogs, 201 
Sheep, around dog colony, ISO 
ticks, 479 

Shell dc^elopment m turtles, 320 
Shipping, of Drosophila, 457— 15S 
of guinea pigs, 113-114 
of monkeys, 35-37 (fig 17, p 36) 
of rats, 74-76 (fig 23, p 71) 
of snakes, 305 (fig 4, p 304) 

Sickness m monkey, care of, 31-35 
see also Diseases 
Silver fish control, 484 
Siphon, use in aquarn, 357-359 
SislTurus, 302, 311 
Size of opossums, 258 
Skin, on hamster, 120, 145 
diseases of, in mice, 95 
m dogs, 193-194 
in rabbits, 170-171, 173 
sex, m monkey, 26-28 (fig 14, p 27) 
Skin shedding, m lizards, 316-317 
in snakes, 307, 312 
Skinks. 314-315 
reproduction, 318-319 
Sleep m hamster, 138-139 
Slipped tendon m chickens, 289-290 
(fig 13, p 290) 

Snails as sca\cngcrs in aquaria, 385 
Snake lizards, 318 
Snakes, 300-313 
food and feeding, 306-307 
handling and transportation, 301-305 
(fig 1, p 302, fig 2, p 303, fig 
4, p 304) 

health and disease, 308 
housing, 305-306 

identification, 304 (fig 3, p 304) 
infections, 303 
reproduction, 311-313 
sex differentiation, 311 
^alcr supply, 30G 
Snapping turtles, 320-322 
‘ SniiQlcs” m mbbit, 173 
■-ocial beha\ior, non-scxual, of gold- 
fi'-h, 390 

Suiiurn fluoride for cockroaches, 73 


Soft-shelled turtles, 320-321 
Soma, monkey, 1 
Sore eyes m rabbits, 172 
Sore hocks in labbits, 171 
Sores on opossums, 266 
Space spray insecticides, 485 
Spanish salamander, 333 
Spawning, m axolotls, induced, 338- 
339 

in fishes, 348, 3S5-419 
m frogs, 332-333 

Spermatozoa, of cat, travel m 213 
of ferret, number necessary for ter- 
tilization 247 
of hamster, 129 
of rabbit, tra\el m, 162 

effect of temperature on, 163 
o£ snake, longevity m oiiducts, 312 
Sphenodon, 299 

SpiTocheta pallida m hamster, 147 
Spirochetal disease m dogs, 194 
Splenectomy and anemia m rats, 72 
Spotted fe\er, vector, 481 
Spray insecticides, 485-4S6 
Spring peeper, 332 

Sprouted grams m diet of monke>s, 

Sprouted oats m diet of gumea pigs, 
104-108 (fig 2, p lOo, fig 3, 

p 106 ) 

Squamata, 299, 318 

see also Snakes and Lizards 
Staining, vagmal smears, 129 
Stenhty, m female guinea pigs, lOU 
hamsters, 129 

m rabbits, following ovulation 60 
Stenhzmg, m hamster colony. 143-114 
of monkey cages, 8 
of mouse cages, 84 
for parasite control, 72 
of rabbit cages, 157 
_ rat colony, 11-15 
of rat food, 67 
Stichococciis, 371 

StlUbinl.3 tollon.ni! mpaU.octmn, 
cat, 223 

Stonenart m " 

Strains ot clmkens, 
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Sircptomjcin for control of puat>- 
phoid in rat, CO 
bufloc-ilion of fidus 357 
SulfaquiDoxaliDc 201 
bulpliur oiatiiiLnl for control of mitts 
on rats, 71 

bunliglit, as dl^lofcctnnt, ICO 
rabbit cages, 156 
see also I iglit 
Supcrfctatiun m cat, 215 
Supplies for Drosu/ihila culture. -151- 
4G3 

Surface area of ariuarta, 3 j 3-353 
Surface breatbera (fuh), 353 
Surface spray msccticidri lb5 
Surgery, in monkey 31-^ 
rcacardi, uh. of Tilapui in. 103 
Sweat ^ands, lack of, in chickens, 2S$ 
Swordtails 316, SoO-SoC 
reproduction, 3S0, ta3<-ill <&g 23, 
p 400) 

Tc\icw of rcKarch on, 407^00 
Sympathectomy, clTcct on rcproduc* 
tion of cat, 223 

Synchonal litter males, cats, 21^210 
Svphacta obulela in hamster, 115 
Syphilis m hamsUr, 147 

Tables tn rat eoleny, SI 
Tails of lizards 313^11 
Tanka for turtles, 321 
Tapeworms, in chickens, 207 
m dogs, 103 
in rabbits, 175 
in rats, 71, 4S3 

Tattooing of dogs, for identification 
196-197 

of monkos, 40 1 

of opossums, 267 
Teeth, of cat, cutting of 216-217 
and hamsler diet, 147 
of opossum, decayed, 206 
of rabbit, 174 
of rat abnormal, 69 
TegOM;pt antiseptic presen aliic for 
culture medium of Drosophila, 
458 

Temperature of aquana, 335-3o7 
of chickens, 288 


Tctnpcmlurt, of chicken brootkr, 272 
colony, 273-275 
tffccl, m axolotl feeding, 336 
spawning, 339 
on chirkcn*, 2Si 
on crocodile*, 326 
ou dogs, 1S2 
on Dwiophtla, 456-152 
on firhcs, 357 357 
on frog brrriling 332-333 
on hanutcr*. 131 
on rabbit brcctlmg, 167 
on ml life span, Cl 
on reptile* 300 
on luUmandcr breeding, 331 
on uortn culture*, 3SI 
for Drosopfiila stocks, 475 
for fishes, 3tS, 352 
for guinea pig colony, 97-9S 
and guinea pig shipment, 114 
for hamsters 137 
colony , 121 
for latching eggs, 2S2 
for luards, 314 
for mice, 60 
of monkey rage, 25 
and mouse cage, St 
and xnous« colony. 50-31, S3, S5 
of rabbit cage, 150 
ID ml colony , 44, 53 
and nogtdil, C9 
of snukc boxes, 305 
for snakes, cOcct on digestion, 307 
for turtles, 321 

of water, ifJcct on Daphnta, 3S0 
Temperaturo cabincU for Drosophila, 
431-150 Ifig 1. p 433, figs 2 
and 3, p 451) 

Tendon, slipped, m chickciia, 250-290 
(fig. 13, p 290) 

Tenebno mofilor oa food for lizards, 
310 

rcrrapenc, 322-321 

Terrapins, diamond back, reproduc- 
tion, 324-325 
see also Turlies 
Terranum, 321 
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Testes, of monkey, growth and de- 
velopment, 26 
of rat, descent of, 61 
Testosterone propionate, effect on 
uterus of cat, 225 

Tests, for pregnancy, using frog, 331 
usmg Xenopxis laevis, 342-343 
for tuberculosis, 31 
Tesfudinato, 299, 321, 324 
Thamnopkis, 311 
Therapeutics in monkey, 34-35 
Thiammase, 378 

Thyroid hyperplasia and diet, in rab- 
bit, 179 

Ticks on dogs, 195, 481 
Tiger killifish, 393-394 (fig 15, p 393) 
Tikpta, 346 355-356 
food for, 378 

reproduction, 3S6, 400-403 (fig 
p 402) 

review of research on, 403 
Toxicity, and fishes, 363-365 
of insecticides, 484-185 
Toxicology, use of fishes in, 346 
Trachea, pathology of, m chickens, 

296 

Trachysaurus, 315 
Travel changes m mice, 94 
Treatments, for monkey, 34 
for rabbit diseases, 170-175 
for rat diseases, 67-69 
Trematodes, in fishes, 424 
in lizards, 317 
m snakes, 309 
m turtles, 323 
Tnc/iinella control, 483 
Tnonychidae, 320-321 
Tnturus, 333 

Tronibicuia on turtles, 323 
Trout, breedmg, 347, 355 
Tuberculin test, 31, 34 (fig 16, P 
Tuberculosis, m fishes, 423 
uv hamster, 147-148 
m monkejs, 31 
m snakes, 310 
Tubi/cx, 342 

also Tubificids 


, p 407, fig 
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Tubificids, collection of, 382-385 (fig 
11, p 383) 
as fish food, 377 
preparation of, 383-384 
Tularemia m hamster, 

Tumors, m chickens, 29o, 297 
m dogs, 194 
m fish, 106-407 (fig 24, 

25, p 408) 
in mice, breast tumors. 83 
spontaneous, 94 
on turtles, 323 
Turtles, 319-325 

age determination, 324 
food and feeding, 322 

handling md transportation, 32U 

health and disease, 323 
housing, 321-322 
identification, 320-321 
reproduction, 323-324 
sex diifcrentiation, 324 
Tween, 480 


Udder, caked, m 

UltraiSrak as cure for mouth- 

rot in snakes, 311 
for rat-colony sanitation. 53 
Uniformity of rats, sec Vanafon 

ru:Xrs,:fiert-oueatreproduc- 

tion, 224-225 
Urodeics, 333 

utensils for ferret “ 224- 

Uterus, activation of, 

b“lnopa«se urine extract 225 

1 cat 220-221 (Cg 7, V o 

autg 

D 222, to fig 111 P 

.solution, 225-220 (fi_g UP -« 
Wncalarm, m aquaria 3.Wa 
as spanning material tor fidi, 
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Vaccination, in cats, 205 
m chickens, and chicken pox, 200 
and Iar>Dgotracheiti«, 29G 
and Newcastle disease, 290 
m dogs, for distemper, 191-192 
Vagina, in cats, 226 
in rats, opening of, 61 
Vaginal smears, m cats, 209 
in hamsters, 129 

Vallisnana in aquana, 359, 367-303 
(fig 4, p 360) 

Varamit, 315, 317 

Vanation, control of, in mice, 80, 93 
m rats, 5S, 63 
Vent disease m rabbit, 172 
Ventilation, in chicken colony, 275 
m Dronophila culture, 452, 456-157 
m egg incubator, 279 
in ferret colony, 2U 
for snakes, 305-300 
Vermin, control of, on mice, 93-00 
see alio Parasites, Pests, and Sani- 
tation 

Virginia opossums. 256-25S, 266-261 
(fig 6, p 261) 

Virus of di«tempcr, dog saccinatiOD, 
191-193 

Viruses, in chickens, 293-206 
in hamsters, 147-14S 
Visitors to rat colony, 74 
Vitamins, in chicken diet, 290-291 
in hamster diet, 141 
m monkey diet, 14, 34 
in rabbit diet, 17S-179 
see also wider Nutntion, 
animals 

Vniparous fish, 31S, 352, 369 
Viviparous tmakes, 311 
Vuha of rabbit m cslrus, ICO 

Water, m aquaria, 3CO-365 

effect of metals on, 363-3G3 
green, 374-375 

catlion dioxide content, 363-3CG 
chlonne m, 361-303 
conditioned, for fish, 300-3G1 
for salamanders, 336-337 
effect of on axolotl spawning, 339 
on salamander^, 336-337 


Water, examination, 363 
Water fern m atiuana, 372 
Water fleas, see Daphnia 
Water h>acintli, in aquaria, 372-373 
as spawning ground for fishes, 3S0 
Water JcUiicc m aquaria, 373 
Water moccasin, 301-302 
Water snakes, 311 

Water softeners, effect on fislics, 363 
Water supply, for cals, 206-207 
for chickens, 272-273, 2SS 
for dog colony, 101 
for ferrets, 212, 253 
for gumea pigs, 103-101 
for hamsters, 142 
for lizards, 311 
for mice, 82-S3, 85, 88 
for monkejs, 38-39 (fig 18, p 38) 
cages, 4-5, 12 
DCffboro, 22 

for rabbits, I5S, 178, ISO 
for rats, 51-52, 00 (fig 11, P 51> 
for ebipping, 75 
for salamanders, 337 
for snakes, 305-306 
for turtles. 321 
Waterweed m aquana, 363 
Wattles in chickens, removal of, 276 
(fig 7. p 276) 

Wax worms as food for lizards, 316 
Weaning, of cats, 214-215 
of mice, 89 
of rabbits, 161, 161 
of rats, 65 
Weasels, tee rerreta 
Weed control around dog kennel, ISO 
Weighing, of moDkc>8, 40 
of rats, equipment, 51 
Weight, of cats, effect on birth weight 
of litter, 214 

of guinea pigs, 97, 100-101 
effect of pregnancy on, 100 
of hamsters, 120, 130, 142 (table 6. 

P 143) 
of mice, 89 

of moDkc>s, at birth, 21-22 
imported, 35 
infant, 22, 31 
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Weight, of opossums, 258-261 
at birth, 256 
of rabbits, 161, 163 
of rats, 62, 65 
Weevils, 67, 483 

Whipworms in dogs, 186, 191-195 
Wluteworms, cultuie of, 381-382 
as fish food, 377 
Wood frog, 332 

Wooly opossum, 256, 259 (fig 4, 
259) 

Worms, as axolotl food, 340 
m dogs, 186, 191-195 
eradication, 191 
as fish food, 3S1-385 
m fishes, 421 
m opossums, 266 


Worms, m rabbits, 175 
m rats, 71 

Wounds, treatment, m monkey, 
Wry neck in rabbits, 175 


Xaiitusui, 318 
Xenopsylla on rat, 70 
Xenopws laems, 342-343 
Xtphophonm. 403, 405-411 (fig 23, P 
406) 

X-ray o( monkey aa check on preg- 


Ycast m monkey diet, 34 
Zebrafiah, 394-3S6 (fig W. P 


